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P A R  T I.
INTRODUCTION TO THE SUBJECT AND THE THESIS
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T h i s  t h e s i s  w i l l  d e s c r i h e  t h e  r e s u l t s  o f  t h e  w r i t e r ' s  
i n v e s t i g a t i o n s  i n t o  t h e  p a t h o g e n e s i s  a n d  p a th o l o g y  o f  o c u l a r  
o n c h o c e r c i a s i s  i n  t h e  i n t e r i o r  o f  A f r i c a  d u r i n g  th e  p e r i o d  
1952 t o  1 9 5 6 .  I n  B r i t i s h  t e r r i t o r y  t h i s  d i s e a s e  h a s  o n ly  
b e g a n  t o  be  r e c o g n i s e d  s i n c e  t h e  l a s t  ? far0 Now i t  i s  
a p p r e c i a t e d  t h a t  t h e  p ro b le m  i t  p r e s e n t s  i s  o f  t h e  h i g h e s t  
i m p o r ta n c e  t o  t h o s e  r e g i o n s  w here  i t s  r a v a g e s  o c c u r ,  a n  a r e a  
w h ic h  e m b ra c e s  t h e  g r e a t e r  p a r t  o f  th e  A f r i c a n  C o n t i n e n t .
The n o r t h e r n  l i m i t  i s  d e f i n e d  by  th e  S a h a r a ,  b e c a u s e  o f  l a c k  o f  
w a t e r  a n d  t h e  a r i d  a tm o s p h e re ;  t h e  s o u t h e r n  l i m i t  r e a c h e s  i n t o  
A n g o la  i n  t h e  w e s t  a n d  th e  u p p e r  r e a c h e s  o f  t h e  Limpopo i n  t h e  
e a s t *  The w r i t e r  h a s  h a d  t h e  o p p o r t u n i t y  o f  s t u d y i n g  t h e  d i s e a s e  
i n  s e v e r a l  s e l e c t e d  a r e a s  b e tw e e n  t h e  Congo r a p i d s  a n d  t h e  R i v e r  
N i g e r ,  a s  f a r  n o r t h  a s  T im b u c to o ,  a n d  w e s tw a rd s  to w a rd s  t h e  G u l f  
o f  G u in e a .  N or t h e  g r e a t e r  p a r t  t h e  w ork was c a r r i e d  o u t  i n  
G hana , N i g e r i a  a n d  t h e  C am eroons .
I t  i s  a n  i n d i c a t i o n  o f  t h e  s i z e  o f  t h e  p ro b le m  t h a t  
S t o l l ,  i n  1 9 4 7 ,  e s t i m a t e d  t h a t  19 m i l l i o n  p e o p le  i n  A f r i c a  w ere  
s u f f e r i n g  f ro m  o n c h o c e r c i a s i s ;  i n  1957  ou-r  e s t i m a t e  was d o u b le  
t h a t  n u m b er .  T h e re  may be  no  l e s s  t h a n  h a l f - a - m i l l i o n  A f r i c a n s  
b l i n d e d  by  t h i s  d i s e a s e  a l o n e .  I n  t h e  t e r r i t o r i e s  i n  w h ic h  we 
w orked  ( i . e .  i n  Commonwealth o r  B r i t i s h  C o l o n i a l  o r  M andate
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t e r r i t o r y )  t h e r e  a r e  a p p r o x i m a t e ly  3 5 0 ,0 0 0  b l i n d  f ro m  a l l  c a u s e s ;  
o f  t h e s e  p e rh a p s  20°/o  have  b e e n  b l i n d e d  by o n c h o c e r c i a s i s ,  o r ,  a s  
i t  h a s  come t o  be  known, ’ r i v e r  b l i n d n e s s ' .  T h is  f i g u r e  i s  
h i g h  b e c a u s e  th e  a r e a s  were f o r  t h e  g r e a t e r  p a r t  h e a v i l y  e n d e m ic 0 
The w o r s t  a r e a  o f  a l l  was i n  N o r t h  G hana , w here i n  a  p o p u l a t i o n  
o f  one m i l l i o n ,  we e s t i m a t e d  t h a t  6 0 0 ,0 0 0  p e o p le  s u f f e r e d  f rom  
th e  d i s e a s e ,  a n d  1 8 ,0 0 0  h a d  b e e n  b l i n d e d  by i t .  T h is  s h o u l d  make 
th e  m ag n i tu d e  o f  th e  p rob lem  q u i t e  c l e a r .
O n c h o c e r c i a s i s  i s  a  d i s e a s e  w hich  r e s u l t s  f ro m  t h e  
i n f e s t a t i o n  o f  man by a  f i l a r i a l  worm, O nchoce rca  v o l v u l u s  
L e u c k a r t .  I n  1893 L e u c k h a r t  was s e n t  s a m p le s  e x t r a c t e d  f ro m  
s u b c u ta n e o u s  n o d u le s  e x c i s e d  i n  t h e  G old  C o a s t  ( a s  Ghana was t h e n  
c a l l e d )  by  a n  unnamed German m i s s i o n a r y .  The worm was c a l l e d  
P i l a r i a  v o l v u l u s .  11  i s  i n t e r e s t i n g  to  n o t e ,  n e v e r t h e l e s s ,  t h a t  
n e a r l y  tw e n ty  y e a r s  b e f o r e ,  i n  1874 , J o h n  O’N e i l l ,  a n  I r i s h  
s u rg e o n  on b o a r d  H.M .S. D ecoy, a  f r i g a t e  s t a t i o n e d  o f f  Cape C o a s t  
i n  Ghana, exam ined  a  p i e c e  o f  s k i n  t a k e n  f rom  a  p a t i e n t  s e n t  f ro m  
th e  Addah P o r t  H o s p i t a l  a t  th e  m outh  o f  th e  Y o l t a ,  a n d  r e c o g n i s e d  
th e  p r e s e n c e  o f  m i c r o f i l a r i a e  ( m f . )  i n  t h e  d e rm is  u n d e r  t h e  
m ic r o s c o p e .  T h e re  i s  l i t t l e  d i f f i c u l t y  i n  i d e n t i f y i n g  them  a s  
m f. v o l v u l u s  f rom  th e  d raw ings  i n  t h e  L a n c e t  o f  1875*
F o l lo w in g  L e u c k a r t ’ s  d e s c r i p t i o n ,  how ever , i t  was t h e  
n o d u le s  w i t h  t h e i r  c o n ta i n e d  a d u l t  worms t h a t  a t t r a c t e d  a t t e n t i o n .
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B rum pt (1904 )  s u g g e s t e d  G l o s s i n e s  a n d  S i m u l i i d a e  m ig h t  be t h e  
c a u s e  o f  t h e  n o d u l e s ,  a n d  th u s  h i t  t h e  t a r g e t  f i r s t  t i m e .  I n  
19"I0, R a i l l i e t  a n d  H enry  c l a s s i f i e d  a l l  t h e  O n ch o ce rca  f i l a r i a e ,  
d e s c r i b i n g  t h e  s p e c i e s '  c h a r a c t e r i s t i c s ;  among them a p p e a r e d  
L e u c k a r t ' s  P i l a r i a  V o l v u l u s ,  g iv e n  i t s  f u l l  name f o r  t h e  f i r s t  
t im e .  I t  was n o t  u n t i l  1915 ( p u b l i s h i n g  b e i n g  d e la y e d  u n t i l  
1919 b e c a u s e  o f  t h e  G r e a t  War) t h a t  t h e  worm was d i s c o v e r e d  i n  
th e  A m ericas  by R o b le s .  Brum pt (1 9 1 9 )  b e l i e v e d  t h i s  t o  be a  
new s p e c i e s  w h ic h  he c a l l e d  0 .  c a e c u t i e n s  ( l i t e r a l l y  t h e  ' b l i n d i n g  
f i l a r i a ’ ) ,  a n  e x c e l l e n t  c h o ic e  o f  name b a s e d  on th e  f a c t  t h a t  
R o b le s  h a d  b e e n  th e  f i r s t  t o  a s s o c i a t e  b l i n d n e s s  w i t h  t h e  d i s e a s e ;  
he h a d  e v e n  s u g g e s t e d  two s p e c i e s  o f  S i m u l i i d a e  a s  v e c t o r s ;  
t h i s  s p e c i e s  o f  O n c h o c e rc a ,  h o w e v e r ,  t u r n e d  o u t  l a t e r  t o  be  
i d e n t i c a l  w i t h  v o l v u l u s .  p a c h e c o -L u n a  (1920) was t h e  o p h th a lm ic  
s u rg e o n  c a l l e d  i n  by R o b le s  t o  i n v e s t i g a t e  th e  o c u l a r  m a n i f e s t a t i o n s  
o f  t h e  a n t e r i o r  segm en t i n  d e t a i l  -  j u s t  a s  he h a d  c a l l e d  i n  
Brumpt a s  a  l e a d i n g  h e l m i n t h o l o g i s t  t o  i d e n t i f y  t h e  worm. The 
a g e d  P a c h e co -L u n a  may be s e e n  to d a y  s i t t i n g  i n  h i s  P a r i s  g a rd e n  
p u f f i n g  a t  h i s  p i p e ,  t h e  l a s t  s u r v i v o r  o f  t h e s e  S o u th  A m erican  
p i o n e e r s .  I t  i s  am az in g  t o  t h i n k  t h a t  i n  A f r i c a ,  w here  t h e  
worm h a d  f i r s t  b e e n  i d e n t i f i e d  l o n g  b e f o r e  a n d  where s e v e r a l  
m i l l i o n  p e o p le  were s u f f e r i n g  f ro m  th e  d i s e a s e ,  i t  was n o t  u n t i l  
12 y e a r s  a f t e r  R o b le s '  p ro n o u n ce m en ts  t h a t  H i s s e t t e  (1951> 1 9 5 2 ) ,  
a  B e l g i a n ,  showed t h a t  0 .  v o l v u l u s  was a n  even  g r e a t e r  c a u s e  o f  
b l i n d n e s s  i n  A f r i c a  t h a n  i n  C e n t r a l  A m e ric a .
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The f i r s t  B r i t i s h  w o rk e r  on t h e  s c e n e  was t h e  S c o t ,  
B r y a n t  (1 9 3 5 )»  who, i n  d e s c r i b i n g  a  p o s t e r i o r  s e g m e n ta l  l e s i o n  
t o  H i s s e t t e  when th e y  m et on f u r l o u g h ,  was a d v i s e d  t o  l o o k  f o r  
m f. v o l v u l u s ,  f o r  a l t h o u g h  H i s s e t t e  a t  t h a t  t im e  h a d  n o t .  p u b l i s h e d  
an y  d e s c r i p t i o n  o f  th e  c h o r i o r e t i n a l  c h a n g e s ,  he h a d  o b s e r v e d  
them , a n d  s u s p e c t e d  th e  d i a g n o s i s .  B r y a n t  p ro m p t ly  d i s c o v e r e d  
o n c h o c e r c i a s i s  i n  th e  S udan , a n d  g e n e r o u s l y  a c k n o w led g e d  t h e  t i p  
he h a d  r e c e i v e d  from  H i s s e t t e .  He w i l l  a lw a y s  be known a s  t h e  
f i r s t  t o  p u b l i s h  a  d e s c r i p t i o n  o f  t h e  p o s t e r i o r  c o n d i t i o n .  
M ean w h ile ,  i n  S i e r r a  Leone, a n o t h e r  B r i t i s h  w o rk e r  was c a r r y i n g  
man’ s know ledge o f  t h i s  s t r a n g e  d i s e a s e  f u r t h e r .  B l a c k l o c k  
( 1 9 2 6 a ,b ,  1927 ) was t h e  f i r s t  t o  d e m o n s t r a t e  t h a t  So damnosum 
T h e o b a ld  was th e  v e c t o r  o f  t h e  l a r v a l  s t a g e  o f  0 .  v o l v u l u s  i n  
A f r i c a .  The d e s c r i p t i v e  t e r m in o lo g y  g i v e n  t h i s  s p e c i e s  o f  
S i m u l i i d a e  i s  a  p a r t i c u l a r l y  happy  o n e ,  so  i r r i t a t i n g  i s  i t s  
b i t e .  H i s s e t t e  (1932) fo u n d  t h a t  S .  n e a v e i  Roubaud was a  
c a r r i e r  i n  C e n t r a l  a n d  E a s t  A f r i c a ,  a n d  B e c q u a e r t  (1934)  l a t e r  
i d e n t i f i e d  t h r e e  v e c t o r s  i n  C e n t r a l  A m e ric a ,  S .  m e t a l l i c u m  
B e l l a r d i ,  S . ochraceum  W a lk e r ,  a n d  S . m o o se r i  Dampf; t h e  f i r s t  
i s  th e  m ost p r o l i f i c  v e c t o r .  A t t h e  moment no o t h e r  v e c t o r  
h a s  d e f i n i t e l y  b e e n  r e c o g n i s e d ,  a s  f a r  a s  th e  w r i t e r  knows, 
a l t h o u g h  many have  b e e n  s o u g h t .
Hughes (1949) s u g g e s t s  t h a t  w h i l s t  E u ro p e a n  d o c t o r s  
were l a b o r i o u s l y  p i e c i n g  t o g e t h e r  t h e  p i c t u r e  o f  o n c h o c e r c i a s i s ,
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t h e  b u s h  A f r i c a n s  i n  t h e  endem ic  a r e a s  h a d  fo rm ed  a  f a i r l y  
a c c u r a t e  i d e a ,  S a u n d e rs  ( 1 929 ) m e n t io n s  t h a t  i n  t h e  G o ld  C o a s t  
o f  h i s  day n o d u le s  on th e  h e a d  w ere  a s s o c i a t e d  w i t h  b l i n d n e s s  by  
th e  L o b i - D a g a r t i s ,  Dry (1921 )  f o u n d  t h a t  i n  Kenya b l i n d n e s s  
an d  s k i n  i r r i t a t i o n  were b o th  c la im e d  t o  be c a u s e d  by  th e  b i t e  o f  
b l a c k  f l i e s ,  B u c k le y  (1949) l e a r n e d  t h a t  th e  i n h a b i t a n t s  o f  a n  
i n f e c t e d  v i l l a g e  i n  th e  Congo a l s o  a s s o c i a t e d  b l i n d n e s s  w i t h  
b i t i n g  f l i e s ,  Waddy (1951)>  i*1 G hana, s p e a k s  a b o u t  a  c h i e f  
who b lam ed  th e  n o d u le s  f o r  a l l  i l l s ,  i n c l u d i n g  s t e r i l i t y .  W ith  
h i s  u s u a l  d ry  w i t ,  Waddy re m a rk s  o f  t h i s  man t h a t  d e s p i t e  a n  
ample s t o c k  o f  worms he had  m anaged t o  p r o c r e a t e  tw e n ty  c h i l d r e n !  
Maybe i t  i s  a  b i t  to o  in g e n u o u s  o f  Hughes t o  p r a i s e  t h e  
p e r s p i c a c i t y  o f  t h e  b u s h - d w e l l e r s ;  o u r  own e x p e r i e n c e  was t h a t  
th e  mass o f  p e o p le  w ere  i g n o r a n t  o f  t h e  c a u se  a n d ,  i n d e e d ,  e v e n  
o f  t h e  f a c t  t h a t  th e  i n c i d e n c e  o f  b l i n d n e s s  among them was a t  
a l l  u n u s u a l .
A f t e r  P a c h e c o - L u n a 's  o b s e r v a t i o n s  o f  1920 s e v e r a l  
r e p o r t s  i n  S p a n i s h  on th e  r e l a t i o n  o f  o n c h o c e r c i a s i s  t o  b l i n d n e s s  
were p u b l i s h e d  i n  C e n t r a l  A m erican  j o u r n a l s .  They d i d  l i t t l e  t o  
advance  o u r  know ledge o f  th e  c o n d i t i o n ,  j u d g i n g  by th e  E n g l i s h  
sum m arie s .  The l a t t e r ,  o f  c o u r s e ,  a r e  o f t e n  i n c o m p le te  o r  
i n c o m p r e h e n s ib l e .  I n  A f r i c a ,  a f t e r  H i s s e t t e ' s  e x c i t i n g  new 
o b s e r v a t i o n s ,  S t r o n g  an d  h i s  H a r v a r d  tea m , who had  b e e n  s t u d y i n g  
i n  M exico  an d  G u a tem a la ,  j o i n e d  th e  B e l g i a n  i n  t h e  Congo; no
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o p h th a lm ic  s u r g e o n  h a d  e v e r  w orked  w i t h  S t r o n g  p r e v i o u s l y .
As a  r e s u l t  o f  t h e i r  c o l l a b o r a t i o n  a  com bined  m onograph 
a p p e a r e d  i n  1938 . I n  t h i s  bo o k ,  H i s s e t t e  m e r e ly  r e p e a t e d  
h i m s e l f .
No f u r t h e r  i n t e r e s t  by  B r i t i s h  w o rk e rs  i n  A f r i c a  
a p p e a r s  t o  have  b e e n  t a k e n  u n t i l  R i d l e y  (1945)  s p e n t  a  f o r t n i g h t ,  
d u r i n g  h i s  w ar s e r v i c e  i n  W est A f r i c a ,  i n  N o r th  Ghana s t u d y i n g  
th e  o c u l a r  m a n i f e s t a t i o n s .  H is  h i g h l y  co m p e ten t  a n d  c o m p re h e n s iv e  
m onograph i s  a t  p r e s e n t  t h e  s t a n d a r d  work i n  o u r  own l i t e r a t u r e .
I t  i s  r e m a rk a b le  c o n s i d e r i n g  t h e  s h o r t  t im e  he h a d  a t  h i s  d i s p o s a l ,  
b u t  t h e n  he was th e  f i r s t  h i g h l y  s k i l l e d  modern o p h th a lm ic  s u r g e o n  
t o  s tu d y  o n c h o c e r c i a s i s .  T h i s  w ork r e s u l t e d  i n  a  s p a t e  o f  
a c t i v i t y  among o t h e r  B r i t i s h  w o r k e r s ,  th e  w r i t e r  i n c l u d e d .  I n  
t h i s  r e g a r d ,  W i l s o n ,  D i r e c t o r  o f  th e  R o y a l  Commonwealth S o c i e t y  
f o r  th e  B l i n d ,  a n d  a  member o f  t h e  R o y a l  Com m ission i n t o  
B l i n d n e s s  i n  t h e  C o lo n ie s  ( 1 9 4 8 ) ,  was th e  d r i v i n g  f o r c e  w h ich  
l e d  t o  my W est A f r i c a n  O p h th a lm ic  S u r v e y .  A b l i n d  man h i m s e l f ,  
W il s o n  t ra m p e d  a l l  o v e r  W est A f r i c a  a s k i n g  q u e s t i o n s .  H is  
c o n c lu s i o n s  have  p r o v e d  b a s i c a l l y  c o r r e c t ,  b u t  c a u s e d  q u i t e  a  
f u r o r e  a t  th e  t im e .
D e s p i t e  th e  l o n g  s t a r t  i n  C e n t r a l  A m erica ,  up  t o  1930 
nobody h a d  r e p o r t e d  on th e  p a th o l o g y  o f  t h e  c o n d i t i o n .  O c h o te re n a  
( 1927)> i n  a  p a p e r  p u r p o r t i n g  t o  c o v e r  t h e  p a th o lo g y  o f  o n c h o c e r ­
c i a s i s ,  does n o t  m e n t io n  th e  e y e s  ( 1927) .  I t  was a n o t h e r  t h r e e
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y e a r s  b e f o r e  he  o b t a i n e d  h i s  f i r s t  e y e b a l l ,  q u i c k l y  f o l l o w e d  by 
two o t h e r s  ( 1 9 3 0 ) .  These  e y e s  w ere  e x c i s e d  a f t e r  d e a t h .
A l th o u g h  i n  t h e  l i g h t  o f  m odern  p a th o l o g y  t h e y  a p p e a r  somewhat 
s u p e r f i c i a l ,  t h e s e  p a p e r s  w ere  a  s t a r t .  Mf. were fo u n d  i n  a l l  
t i s s u e s  e x c e p t  t h e  r e t i n a  a n d  o p t i c  n e r v e .  I t  was S t r o n g ,  
w o rk in g  i n  C e n t r a l  A m e ric a ,  who p r o d u c e d  th e  f i r s t  r e a l l y  so u n d  
p a p e r ,  d e s c r i b i n g  th e  a s s o c i a t i o n  o f  th e  p a r a s i t e s  i n  t h e  eye  
w i th  l e s i o n s  o f  t h e  c o n j u n c t i v a ,  c o rn e a  a n d  i r i s .  T h i s  was 
p u b l i s h e d  i n  1934* j u s t  b e f o r e  B r y a n t  d e s c r i b e d  th e  p o s t e r i o r  
c h a n g e s .  S t r o n g ’ s  o b s e r v a t i o n s  w ere  drawn from  two e y e b a l l s  
an d  e l e v e n  p i e c e s  o f  b io p s y  t i s s u e .  H i s s e t t e ,  i n  h i s  e a r l y  
p a p e r s ,  d i s c u s s e d  th e  p a th o lo g y  i n c l u d i n g  th e  p r e s e n c e  o f  m f . ,  
a l t h o u g h  no m e n t io n  i s  made o f  them i n  t h e  t e x t .  I t  i s  l e f t  t o  
th e  r e a d e r  t o  draw  h i s  own c o n c l u s i o n s  f rom  th e  e x c e l l e n t  p h o t o ­
m ic r o g r a p h s ,  w h ich  showed th e  p a r a s i t e s  i n  th e  c o n j u n c t i v a ,  
c o r n e a ,  i r i s  a n d  c h o r o i d .  H i s s e t t e  does  n o t  m e n t io n  f ro m  how 
many e y e s  o r  b i o p s i e s  he drew h i s  c o n c l u s i o n s .  I t  seem s t o  
have b e e n  one o n ly .  The B e l g i a n  g i v e s  th e  i m p r e s s i o n  o f  b e i n g  
a  man o f  g r e a t  i m a g i n a t i o n  a n d  t a l e n t ,  who u n f o r t u n a t e l y  e x p r e s s e s  
h i m s e l f  b a d ly  i n  w ords .  I n  th e  same y e a r  G i a q u in to  (M ira )  
r e p o r t e d  f i n d i n g  m f. v o l v u lu s  i n  t h e  o p t i c  n e r v e .  Up t o  1934> 
t h e r e f o r e ,  a p p a r e n t l y  t h e r e  h a d  o n ly  b e e n  s i x  o r  s e v e n  e y e b a l l s  
ex am in ed ,  a l o n g  w i t h  a n  unknown number o f  b i o p s i e s .
B r y a n t  o f  th e  B r i t i s h  w o rk e rs  f i r s t  p r e s e n t e d  
p a t h o l o g i c a l  o b s e r v a t i o n s ,  somewhat b r i e f l y  i n  h i s  p a p e r  a n d
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r a t h e r  more f u l l y  i n  a  t h e s i s  ( I 9 3 5 a , b ) .  He t o l d  t h e  w r i t e r  
t h a t  two e y e s  w ere  s e c t i o n e d ,  e i g h t  o t h e r s  b e i n g  s t o r e d  i n  a  
b u i l d i n g  s u b s e q u e n t l y  b low n up  i n  t h e  b l i t z .  He p u r c h a s e d  h i s  
m a t e r i a l ,  Hughes o b t a i n e d  one eye  a t  a u t o p s y ,  w hich  was t h e  
b a s i s  o f  h i s  O x fo rd  t h e s i s .  He rem ark ed ,  on th e  d i f f i c u l t y  o f  
p e r s u a d i n g  th e  A f r i c a n  t o  u n d e rg o  a  s u r g i c a l  o p e r a t i o n  o f  t h i s  
n a t u r e ,  R i d l e y  a l s o  rem a rk e d  on t h e  d i f f i c u l t y  o f  g e t t i n g  e y e s ;  
he was u n lu c k y  an d  g o t  n o n e .  As we c a n n o t  f i n d  an y  o t h e r  
r e f e r e n c e  i n  t h e  l i t e r a t u r e ,  i t  w ould  seem t h a t  a t  a  r e a s o n a b l e  
e s t i m a t e  t h e  p a th o lo g y  o f  th e  o c u l a r  l e s i o n s  o f  o n c h o c e r c i a s i s  
i s  b a s e d  on s t u d i e s  from  a b o u t  10 o r  12 e y e s  (3  by  B r i t i s h  w o rk e rs )  
a n d  a  l a r g e  number o f  b i o p s i e s .  The w r i t e r  can  c o u n t  h i m s e l f  
f o r t u n a t e  t o  h av e  o b t a i n e d  by p e r s u a s i o n  20 s e l e c t e d  e y e b a l l s  
an d  80 p i e c e s  o f  b i o p s y  t i s s u e ;  a l l  t o g e t h e r  e v e ry  s t a g e  o f  
e v e ry  l e s i o n  i s  c o v e re d .  A l th o u g h  a  l i t t l e  o f  th e  m a t e r i a l  was 
s u b s e q u e n t ly  d i s c a r d e d  f o r  v a r i o u s  r e a s o n s  w hich  w i l l  be  g iv e n  
l a t e r ,  t h e r e  was s t i l l  enough t o  p r o v id e  ample scope  f o r  a  
c o m p re h en s iv e  r e p o r t .  The e y e s  were e x c i s e d  u n d e r  g e n e r a l  
a n a e s t h e s i a ,  i n  th e  b u s h ;  b i o p s i e s  i n v o l v i n g  k e r a t o p l a s t y ,  
s c l e r e c t o m y  a n d  i r i d e c t o m y  were c a r r i e d  o u t  u n d e r  l o c a l  a n a e s t h e s i a .  
The b a c k g ro u n d  t o  t h i s  s u r g e r y  h a s  b e e n  w r i t t e n  u p  e l s e w h e r e
(R o d g e r ,  1 9 5 8 ) ,
The p a th o g e n e s i s  o f  t h e  o c u l a r  m a n i f e s t a t i o n s  h a s  
g e n e r a l l y  b e e n  c o n s i d e r e d  d e p e n d e n t  u p o n  th e  d e a th  o f  t h e  m f, i n
t h e  a f f e c t e d  s t r u c t u r e .  E a r l y  w o r k e r s ,  l i k e  R o b le s  (1919 )  
a n d  C a ld e r o n  ( 1 9 2 0 ) ,  were i n c l i n e d  t o  b e l i e v e  t h a t  t h e  eye  
symptoms w ere  due t o  a  t o x i n  s e c r e t e d  by th e  a d u l t  worms. I t  
was S t r o n g  (1934 )  who f i r s t  d e c l a r e d  e m p h a t i c a l l y  t h a t  i t  was 
t h e  mf, w h ich  l e d  t o  t h e  t i s s u e  r e a c t i o n s .  The f a c t  i s  t h i s  
was o n ly  a  h y p o t h e s i s ,  b a s e d  on c i r c u m s t a n t i a l  e v i d e n c e ,  w h ic h  
i s  f r e q u e n t l y  a  m i s l e a d i n g  p r e m is e  i n  m e d ic in e  a n d  s u r g e r y .
What i s  r e m a rk a b le  i s  t h e  l a c k  o f  i n t e r e s t  i n  th e  m f. i n  t h e  
e a r l y  C e n t r a l  A m erican  p a p e r s ;  O’N e i l l ' s  o b s e r v a t i o n s  i n  t h e  
L a n c e t  w ent u n n o t i c e d  f o r  50 y e a r s .  S t r o n g ' s  v i e w s ,  t h e r e f o r e  
were i n  a  way r e v o l u t i o n a r y  a t  t h e  t im e .  He was e q u a l l y  
e m p h a t ic  t h a t  t h e  o c u l a r  m a n i f e s t a t i o n s  were c h r o n i c  i n  n a t u r e ,  
c i t i n g  h i s  p a t h o l o g i c a l  m a t e r i a l  a s  e v id e n c e  o f  t h i s  f a c t .
As H i s s e t t e  h e l d  th e  same v ie w s ,  a n d  a s  t h e s e  two men s t o o d  
above m ost  o f  t h e i r  c o n te m p o r a r i e s ,  i t  i s  n o t  s u r p r i s i n g  t h i s  
o p in io n  h a s  h e l d  sway e v e r  s i n c e .  I t  may be t h a t  w o rk e rs  i n  
th e  ' 30s '  were h a n d ic a p p e d  by th e  l a c k  o f  p a t h o l o g i c a l  m a t e r i a l  
none o f  w hich  a f f o r d e d  e v id e n c e  t h a t  a n  a c u t e  l e s i o n  e x i s t e d .
I t  i s  n o t  e a s y  t o  euqpla in , n e v e r t h e l e s s ,  why nobody o t h e r  t h a n  
th e  w r i t e r  h a s  e v e r  r e p o r t e d  s e e i n g  th e  a c u t e  p h a s e ,  s h o r t  
though  th e  d u r a t i o n  o f  th e  a t t a c k  may b e .  We have  c a r r i e d  o u t  
i r i d e c t o m i e s  i n  s e v e r a l  a c u t e  a n t e r i o r  u v e i t i s  c a s e s ,  a n d  f o u n d  
th e  i r i s  t i s s u e  f i l l e d  w i th  th e  m o t i l e  p a r a s i t e s .  We have  
v iew e d  m f. i n  t h e  c o rn e a  w i t h  th e  s l i t  lamp i n  e y e s  t h a t  vrere
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s o  p h o to p h o b ic  t h e  l i d s  h a d  t o  be  h e l d  f o r c i b l y  a p a r t .  I n  t h e  
c o u r s e  o f  i n v e s t i g a t i n g  t r e a t m e n t  we h av e  h a n d le d  many d o z e n s  o f  
a c u t e  o n c h o c e r c a l  e y e s ,  t h e r e b y  r e f u t i n g  p a r t  o f  S t r o n g ' s  o p in io n s *  
F o r tu n e  no d o u b t  p l a y e d  a  p a r t  i n  f i r s t  s e n d i n g  th e  team  w h ic h  
t h e  w r i t e r  l e d  t o  what i s  p e r h a p s  t h e  m o st  h e a v i l y  i n f e s t e d  a r e a  
i n  t h e  w hole  w o r ld .  L a t e r ,  i n  o t h e r  p a r t s  o f  th e  A f r i c a n  
i n t e r i o r ,  we w en t many m onths w i t h o u t  s e e i n g  a n  a c u t e l y - i n f e c t e d  
e y e .  The im p o r ta n c e  o f  a l l  t h i s  l i e s  i n  s t r e s s i n g  t h e  vacuum 
w hich e x i s t e d  b e f o r e  th e  war i n  o u r  know ledge  o f  th e  d i s e a s e ,  
n o t  o n ly  i n  r e g a r d  t o  t h e  p a t h o g e n e s i s  a n d  pathology*, b u t  e v e n  
th e  sy m p to m ato lo g y .
A l th o u g h  th e  e x o t o x i n  t h e o i y  was g e n e r a l l y  a b a n d o n e d  
i n  f a v o u r  o f  S t r o n g ' s  f i n a l  a rg u m e n ts  t h a t  i t  was t h e  d e a d  b o d i e s  
o f  t h e  m f. w hich  c a u s e d  th e  i n f l a m m a t i o n ,  i t  d i d  n o t  n e c e s s a r i l y  
mean t h a t  he was r i g h t * .  T h e re  may be o t h e r  f a c t o r s .  R o d h a in  
(1949) i s  c o n v in c e d  t h a t  a l l e r g y  p l a y s  a  p a r t ,  a n d  T o u l a n t  (1953 )  
s u p p o r t s  t h i s  v ie w ,  b e l i e v i n g  t h a t  a  h y p e r s e n s i t i v e  s t a t e  i s  
r e s p o n s i b l e  f o r  some o f  th e  o c u l a r  l e s i o n s ,  i f  n o t  a l l .  T h i s ,  
he c l a i m s ,  i s  why o n ly  some s u b j e c t s  a r e  a f f e c t e d .  T hese  t h r e e  
p o s s i b i l i t i e s  e x i s t ,  u n d o u b te d ly :  a  d i r e c t  t o x i c  e f f e c t
r e s u l t i n g  from  th e  p r o d u c t s  o f  d i s i n t e g r a t i o n  o f  t h e  m f. b o d i e s ,
* S t r o n g  made s e v e r a l  o t h e r  s u g g e s t i o n s  b e f o r e  f i x i n g  f i n a l l y  
on th e  t h e o r y  t h a t  i t  was t h e  d i s i n t e g r a t i n g  b o d i e s  o f  t h e  
mf. w h ich  c a u s e d  t h e  t r o u b l e .
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a  c i r c u l a t i n g  e x o t o x i n  e m a n a t in g  f ro m  a d u l t s  o r  m f . ,  o r  t h e  
i n d u c t i o n  o f  a  h y p e r s e n s i t i v e  s t a t e  w i t h  w hich  i s  bound  th e  
q u e s t i o n  o f  a n t i b o d y  f o r m a t i o n .  None o f  t h e s e  a  p r i o r i  
h y p o th e s e s  c a n  be  r u l e d  o u t ,  f o r  t h e y  have  n e i t h e r  b e e n  
d e m o n s t r a t e d  e x p e r i m e n t a l l y ,  n o r  d i s p r o v e d .  I t  i s  b e l i e v e d  
t h a t  t h i s  t h e s i s  a d v a n c e s  o u r  know ledge  i n  t h i s  d i r e c t i o n .
I n  t h e  d i s s e r t a t i o n  w hich  f o l l o w s  a  s e r i e s  o f  
i n v e s t i g a t i o n s  i n t o  t h e  p ro b le m s  p o s e d  above  w i l l  be d e s c r i b e d .  
Three  a p p r o a c h e s  t o  th e  s u b j e c t  have  b e e n  t a k e n :  i n  P a r t s  I I
a nd  I I I  t h e  p a t h o g e n e s i s  i s  d i s c u s s e d ,  l a r g e l y  i n  th e  l i g h t  o f  
a n im a l  e x p e r i m e n t s ,  b a s e d  on a  t e c h n i q u e  we e v o lv e d  t o  i s o l a t e  
th e  m f, when a l i v e ;  i n  P a r t  I ?  th e  m ic r o s c o p i c  a p p e a r a n c e s  o f  
th e  v a r i o u s  o c u l a r  l e s i o n s  a r e  g i v e n ,  e a c h  d e s c r i p t i o n  b e i n g  
p r e f a c e d  by th e  s a l i e n t  c l i n i c a l  a n d  m a c ro s c o p ic  f e a t u r e s ;  
f i n a l l y ,  i n  P a r t  V th e  t h r e a d s  a r e  b r i e f l y  drawn t o g e t h e r .  
N u m e ric a l  r e f e r e n c e s  a r e  g iv e n  a t  th e  end  o f  e a ch  P a r t ,  e x c e p t  
i n  th e  c a s e  o f  P a r t  I ,  t h i s  i n t r o d u c t i o n ,  where r e f e r e n c e s  a r e  
g iv e n  by d a t e s ,  a  sy s te m  t h a t  seems to  be b e t t e r  s u i t e d  t o  a  
c h r o n o l o g i c a l  r e v ie w  o f  t h i s  k i n d .  P h o to m ic ro g ra p h s  a r e  n o t  
r e f e r r e d  t o  i n  t h e  t e x t ,  f o r  we f i n d  t h i s  much l e s s  i n s t r u c t i v e  
th a n  th e  m ethod o f  p l a c i n g  them a t  t h e  end  i n  th e  fo rm  o f  a n  
A p p en d ix ,  w here t h e  s t o r y  may be f o l l o w e d  i n  p i c t u r e s .  F i n a l l y ,  
t h e r e  i s  a  s h o r t  i n d e x  f o r  t h e  b e n e f i t  o f  th o s e  who may u s e  th e  
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A p a r t  from  a  p r e l i m i n a r y  p a p e r  by th e  w r i t e r  (R o d g e r  ) ,  t h e r e  h a s
b e e n  no a t t e m p t  t o  i n v e s t i g a t e  th e  p a t h o g e n e s i s  o f  t h e  o c u l a r
l e s i o n s  e x p e r i m e n t a l l y .  On th e  o t h e r  h a n d  e a r l y  w o rk e rs  were
i n t e r e s t e d  i n  th e  h y p e r s e n s i t i v i t y  o f  th e  s k i n  w h ich  o c c u r s  a s  a
2r e s u l t  o f  th e  d e a th  o f  th e  m f, i n  man, R o d h a in  a n d  D ubois
d e s c r i b e d  i n t r a d e r m a l  r e a c t i o n s  w hich  th e y  i n d u c e d  b u t  p o i n t e d  o u t
t h a t  i t  was a  group r e a c t i o n  i n v o l v i n g  F .  l o a  a n d  W. b a n c r o f t i
3 4a s  w e l l  a s  0 ,  v o l v u l u s ,  T o u l a n t  and  R o d h a in  b e l i e v e d  t h a t  
h y p e r s e n s i t i v i t y  a l s o  c a u s e d  t h e  o c u l a r  l e s i o n s  o r  a t  l e a s t  some 
o f  them . T h a t  th e  s k i n  o f  man becomes h y p e r s e n s i t i v e  t o  th e  
p a r a s i t e s  seems a t  f i r s t  s i g h t  l i k e l y .  The im m ed ia te  e f f e c t  o f  
k i l l i n g  m ass iv e  num bers o f  m f. w i t h  d i e t h y l c a r b a m a z i n e  i s ,  
a c c o r d i n g  t o  th e s e  w o r k e r s ,  f u l l  e v id e n c e  o f  t h i s :  p r u r i t i s ,
h e a d a c h e ,  a r t h r a l g i a ,  oedema a n d  a t r a n s i t o r y  e o s i n o p h i l i a ,  th e  
f a c t  t h a t  a n t i h i s t a m i n e s  a m e l i o r a t e  th e  symptom s, a l l  s u p p o r t  t h e  
c o n t e n t i o n .  N e v e r t h e l e s s ,  th e  e a r l y  e x p e r im e n t s  we c a r r i e d  o u t  
f a i l e d  t o  d e m o n s t ra te  e i t h e r  a c t i v e l y  o r  p a s s i v e l y  t h e  p r e s e n c e  o f  
a n t i b o d i e s  i n  i n f e s t e d  human s u b j e c t s  i n  g u in e a  p i g  a n d  r a b b i t  
s k i n .  A c a p i l l a r y  r e s p o n s e  m ig h t  have b e e n  o b s e r v e d  i f  a n  
i n t r a v e n o u s  dye had  b e e n  u s e d j  t h i s  was n o t  done so  one c a n n o t
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c o n c lu d e  w i th  c o n f id e n c e  t h a t  an  a n t i g e n - a n t i b o d y  r e a c t i o n  d i d  
n o t  o c c u r .  On t h e  o t h e r  h a n d  th e  f i n d i n g s  m ig h t  w e l l  be c o r r e c t ;  
t h e r e  may be a  s p e c i e s  d i f f e r e n c e ,  so  t h a t  man a lo n e  becomes h y p e r ­
s e n s i t i v e .  W h a te v e r  we c o n c lu d e  t h e s e  e a r l y  e x p e r im e n t s  were 
r a t h e r  d i s a p p o i n t i n g  b e c a u s e  th e y  p r o v e d  n e g a t i v e .
E v e ry  s t r u c t u r e  i n  t h e  eye h a s  r e v e a l e d  i n f l a m m a t io n  i n  
a s s o c i a t i o n  w i t h  th e  p r e s e n c e  o f  th e  p a r a s i t e s  i n  m ic r o s c o p ic  
s e c t i o n s ,  a s  have  a l l  t h e  o c u l a r  l e s i o n s  e x c e p t  o n e .  The l a t t e r ,  
r e p r e s e n t i n g  o n ly  a b o u t  5f t  o f  a l l  c a s e s  o f  o c u l a r  o n c h o c e r c i a s i s ,  
i s  n e v e r  a s s o c i a t e d  w i t h  m f. i n  th e  p o s t e r i o r  s e g m e n t ,  a n d  a p p e a r s  
t o  have  a d i f f e r e n t  a e t i o l o g y ;  i t s  p a t h o g e n e s i s  w i l l  be  c o n s id e r e d  
i n  th e  n e x t  P a r t  o f  t h i s  t h e s i s ,  s e p a r a t e l y .  I f  m f. v o l v u l u s  i s  
p r e s e n t  i n  95°jo o f  th e  o c u l a r  m a n i f e s t a t i o n s  o f  o n c h o c e r c i a s i s ,  th e y  
a r e  on th e  o t h e r  han d  f r e q u e n t l y  a l s o  p r e s e n t  w here  no l e s i o n  
e x i s t s .  A t  one t im e  o r  a n o t h e r  v a r i o u s  w o rk e rs  have  re m a rk e d  on 
t h i s  f i n d i n g .  Out o f  6 0 0 ,0 0 0  p e o p le  s u f f e r i n g  f rom  th e  d i s e a s e  
i n  N o r th  Ghana, o f  whom r o u g h ly  o n e - t h i r d  h a d  p a r a s i t e s  w i t h i n  
th e  e y e s ,  o n ly  1 8 ,0 0 0  h a d  b e e n  b l i n d e d ,  a n d  p e r h a p s  t h e  same 
number a f f e c t e d  to  a  l e s s e r  d e g r e e .  H igh  th o u g h  t h i s  f i g u r e  i s ,  
i t  i s  s u r p r i s i n g  i t  i s  n o t  much h i g h e r .  I t  i s  d i f f i c u l t  to
e x p l a i n  why o n ly  a b o u t  one i n  tw e n ty  w i th  m f. i n  t h e  e y e s  i s  
a f f e c t e d  e x c e p t  i n  te rm s  o f  a  s p e c i f i c a l l y  a c q u i r e d  d e c r e a s e d  
s e n s i t i v i t y ,  o r  im m u n ity .  I n h e r e n t  i n  th e  s u b j e c t  o f  im m un ity ,  
o f  c o u r s e ,  i s  th e  p r o s p e c t  o f  t h e r e  a l s o  b e i n g  i n  some p a t i e n t s
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a n  i n c r e a s e d  s e n s i t i v i t y ,  a s  s u s p e c t e d  by R o d h a in  a n d  T o u l a n t .
5
S u l z b e r g e r  h a s  d e f i n e d  t h e  d u a l  p r o c e s s  o f  a n  i n c r e a s e  a n d  
d e c r e a s e  i n  s e n s i t i v i t y  a s  one whose component p a r t s  a r e  m ixed  up  
t o g e t h e r ,  a cco m p an y in g  o r  f o l l o w i n g  one a n o t h e r  i n  th e  same t i s s u e  
o r  a n im a l ,  an d  maybe e v e n  r e s u l t i n g  from  one an d  th e  same e x p o s u re  
to  t h e  same a g e n t .  I t  w ou ld  n o t ,  t h e r e f o r e ,  be  s u r p r i s i n g  i f  t h e  
r e s u l t s  o f  any  e x p e r i m e n t a l  i n v e s t i g a t i o n  i n t o  t h e  p a t h o g e n e s i s  
o f  o c u l a r  o n c h o c e r c i a s i s  w ere  t o  p ro v e  c o n t r a d i c t o r y  a n d  com plex .
The t h e o r i e s  a ro u n d  w hich  we b u i l t  t h e  e x p e r im e n t s  now t o  
be d e s c r i b e d  c an  be b r i e f l y  o u t l i n e d  h e r e .  T e s t s  on lo w e r  a n i m a l s ,  
we know, do n o t  n e c e s s a r i l y  p ro v e  th e  a e t i o l o g i c a l  s i g n i f i c a n c e  o f  
a  s u s p e c t e d  human a n t i g e n .  I n  p a s s i v e  t r a n s f e r  e x p e r i m e n t s ,  
n e v e r t h e l e s s ,  t o  d e m o n s t r a t e  t h e  p r e s e n c e  o f  a n t i b o d i e s  i t  i s  
b e t t e r  t o  u s e  a n im a ls  r a t h e r  t h a n  humans; t h e  o p p o s i t e  i s  t r u e  
i n  th e  c a se  o f  a c t i v e  t r a n s f e r .  A t a  l a t e  s t a g e  i n  t h e  w ork , we 
c a r r i e d  o u t  on man some o f  t h e  p r o c e d u r e s  e a r l i e r  p e r f o r m e d  on 
a n im a l s .  T h is  was p o s s i b l e  o n ly  when we h a d  l e a r n e d  what 
d o sa g es  were s a f e ,  and  h a d  (gained c o n f id e n c e  i n  h a n d l i n g  m a t e r i a l  
a b o u t  w hich n o t h i n g  was known b u t  a  l o t  s u s p e c t e d .  The p rob lem  
was a p p ro a c h e d  from  t h r e e  a n g l e s ;
1 .  L o c a l  t i s s u e  h y p e r s e n s i t i v i t y
A lth o u g h  o n c h o c e r c i a s i s  seems t o  in d u c e  a  h y p e r s e n s i t i v e  
s t a t e  i n  th e  s k i n  o f  man, i t  n e e d  n o t  e f f e c t  t h e  eye  i n  th e  same 
way. U s in g  f o r e i g n  o r  exogenous  a n t i g e n s  a n  o c u l a r  h y p e r s e n s i t i v i t y
c a n  be i n d u c e d ,  a s  by eg g  a lbum en ; i f  a  l o c a l  t i s s u e  h y p e r ­
s e n s i t i v i t y  t o  v o l v u l u s  p r o t e i n  were t o  d e v e lo p  i n  t h e  e y e ,  
t h e r e f o r e ,  i t  w ould  n o t  be s u r p r i s i n g .  C l i n i c a l l y ,  a p a r t  f rom  
th e  f a c t  t h a t  t h e  low i n c i d e n c e  o f  o c u l a r  c r i s e s  s u g g e s t s  t h a t  
th e  m echanism s o f  b i o l o g i c a l  a d a p t a t i o n  a r e  a t  w ork , t h e r e  i s  
l i t t l e  w i th  w hich  t o  s u p p o r t  o r  r e f u t e  th e  h y p o t h e s i s  t h a t  a  
l o c a l  t i s s u e  h y p e r s e n s i t i v i t y  o c c u r s .  The ty p e  o f  o c u l a r  l e s i o n  
fo u n d  i s  c l i n i c a l l y ,  on  t h e  w h o le ,  n o n s p e c i f i c .  Only  th e
6s u p e r f i c i a l  p u n c t a t e  k e r a t i t i s  i s  s u g g e s t i v e  o f  a l l e r g y  (R o d g e r  ) .  
The h i s t o p a t h o l o g i c a l  e v id e n c e  o f  a l l e r g i c  i n f l a m m a t i o n ,  a s  
d e s c r i b e d  i n  e a r l i e r  p a p e r s ,  i s  j u s t  a s  u n s a t i s f a c t o r y .  I t  r e s t s  
e n t i r e l y  on th e  p r e s e n c e  o f  e o s i n o p h i l  l e u c o c y t e s ,  w h ic h ,  a s  i s  
commonly u n d e r s t o o d ,  a r e  t o  be e x p e c t e d  anyway w h e re v e r  th e  body 
i s  in v a d e d  by p a r a s i t e s .  N e c r o t i s i n g  a r t e r i t i s  a n d  f o c a l  
n e c r o s i s ,  c h a r a c t e r i s t i c  o f  a  s e v e r e  t i s s u e  a l l e r g y ,  were n e v e r  
s e e n .  The p a th o lo g y  on th e  w hole does n o t h i n g  t o  e n c o u ra g e  u s  to  
b e l i e v e  t h a t  th e  o c u l a r  l e s i o n s  a r e  th o s e  o f  a n  a l l e r g i c  
in f l a m m a t io n .
2 . P r im a ry  exogenous  i n f l a m m a t io n
T h is  i s  th e  p o p u l a r  t h e o r y  a s  t o  t h e  p a t h o g e n e s i s .  Such 
a n  in f l a m m a t io n  m ig h t  r e s u l t  f rom  e x o to x i n s  s e c r e t e d  by th e  l i v i n g  
a d u l t s  o r  m f . ,  o r  be  l i b e r a t e d  d u r in g  th e  d i s i n t e g r a t i o n  o f  t h e i r  
dead  b o d i e s .  W ith  a  w e l l - a d a p t e d  p a r a s i t e  l i k e  v o l v u lu s  one 
w ould  n o t  e x p e c t  t h e  l i v i n g  o rg an ism s  t o  c a u s e  i n f l a m m a t i o n ,  o r  
t h e i r  p l e a s a n t  way o f  l i f e  w ou ld  be u p s e t .  T h e re  i s  enough
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o l i n i c a l  e v id e n c e  t o  s u g g e s t  s t r o n g l y  t h a t  t h e  l i v i n g  p a r a s i t e s ,
b o t h  a d u l t  an d  m f. ,  do n o t  in d u c e  a n  in f l a m m a to iy  r e s p o n s e .  The
7p a th o l o g y  on th e  o t h e r  h a n d ,  a s  f i r s t  c la im e d  by S t r o n g  , i n d i c a t e s  
i t  i s  th e  d ead  mf. w hich  c a u s e  th e  damage in a sm u c h  a s  t h e i r  b o d ie s  
a r e  s e e n  i n  th e  m id s t  o f  in f l a m m a to r y  c e l l s ;  t h e r e  i s  c o n t r a d i c t i o n  
h e r e ,  how ever ,  f o r  i n  th e  s k i n ,  m f, have  f r e q u e n t l y  b e e n  f o u n d  
u n a s s o c i a t e d  w i t h  any  in f l a m m a to r y  r e a c t i o n .  The e x p l a n a t i o n  o f  
t h i s  p r o b a b ly  l i e s  i n  t h e  f a c t  t h a t  S t r o n g  a ssum ed  th e  mf, he 
o b s e rv e d  were dead ; i n  f a c t  no  c l e a r - c u t  p i c t u r e  h a s  b e e n  
p r e s e n t e d  w hich d i f f e r e n t i a t e s  th e  l i v i n g  f ro m  t h e  d ead  p a r a s i t e  
m i c r o s c o p i c a l l y ,  a  d e f i c i e n c y  w hich  we have  made good , a s  w i l l  be 
shown i n  P a r t  IV ,
3 ,  P r im a ry  t o x i c i t y  i n d u c i n g  e i t h e r  a  s t a t e  o f  s e n s i t i s a t i o n  o r  
o f  t o l e r a n c e
F i n a l l y ,  t h e  e x p e r im e n t s  were p l a n n e d  t o  a l l o w  o f  t h e  
p o s s i b i l i t y  o f  a  s u b s t a n c e  w i t h  a  p r im a ry  t o x i c i t y  l e a d i n g  e i t h e r  
t o  s e n s i t i s a t i o n  o r  im m unity  on r e p e a t e d  a p p l i c a t i o n ,  D i n i t r o -  
c h lo r b e n z e n e  i s  one su c h  s u b s t a n c e ,  w hich  in d u c e s  s e n s i t i s a t i o n  
i n  g u in e a  p i g  o r  man o n ly  when a p p l i e d  t o  t h e  s k i n  i n  s u f f i c i e n t  
q u a n t i t i e s  t o  p ro d u c e  a  t o x i c  r e a c t i o n .  Exam ples  o f  t h e  o p p o s i t e  
s t a t e  o f  a f f a i r s  ( i n d u c i n g  t o l e r a n c e )  a r e  e v e r y  day o c c u r r e n c e s #  
These  a r e  p o s s i b i l i t i e s  w hich  can  on ly  be s o l v e d  e x p e r i m e n t a l l y #
METHODS
1 .  P r e p a r a t i o n  o f  a  m i c r o f i l a r i a l  s u s p e n s i o n
An a r e a  o f  s k i n  f o u n d  by r e p e a t e d  p i n c h  b i o p s i e s  t o  have  a  
l a r g e  mf. p o p u l a t i o n  i s  e x c i s e d ,  p o r t i o n  by p o r t i o n ,  d raw in g  a s  
l i t t l e  b lo o d  a s  p o s s i b l e ,  an d  p l a c e d  i n  25 c c s .  o f  R in g e r -L o c k e  
s o l u t i o n  a t  room t e m p e r a t u r e  f o r  h a l f  a n  h o u r .  N e a r l y  a l l  t h e  
m f, emerge from  th e  s k i n  d u r i n g  t h i s  t im e ,  a n d  th e  p i e c e s  o f  s k i n
an d  any  r e d  b lo o d  c o r p u s c l e s  p r e s e n t  s e t t l e  t o  t h e  b o t to m .  The
c l e a r  f l u i d  w hich  c o n t a i n s  m ost o f  th e  p a r a s i t e s  i s  t h e n  d e c a n te d  
and  c e n t r i f u g e d  a t  5 ,0 0 0  r e v o l u t i o n s  p e r  m in u te  f o r  a b o u t  10 m in u t e s .
The s u p e r n a t a n t  c o n t a i n s  m ost  o f  t h e  m f, s t i l l ;  up  t o  4 ,0 0 0  have
b e e n  e s t i m a t e d  i n  25 c c s . ;  t h e y  c an  be k e p t  a l i v e  f o r  a s  l o n g  a s  
48 h o u r s  p r o v id e d  th e  t e m p e r a t u r e  i s  n o t  h i g h e r  t h a n  body 
t e m p e r a t u r e .  B e f o re  u s e  2 5 ,0 0 0  u n i t s  o f  s t r e p t o m y c i n  a r e  a d d e d  
t o  t h e  m f. s u s p e n s i o n  a n d  2 5 ,0 0 0  u n i t s  t o  t h e  c o n t r o l  s o l u t i o n ,  
w hich  c o n s i s t s  o f  R in g e r -L o c k e  by i t s e l f .  S t r e p t o m y c i n  does n o t  
k i l l  t h e  p a r a s i t e s ,  n o r  does  i t  a f f e c t  th e  o c u l a r  t i s s u e s  i n  th e  
am ounts i n j e c t e d ,  w h i le  k e e p in g  s e c o n d a ry  i n f e c t i o n  u n d e r  f u l l  
c o n t r o l .
C o u n t in g  cham bers  a r e  now f i l l e d  w i t h  t h e  s u s p e n s i o n  an d  
th e  number o f  p a r a s i t e s  i n  e a c h  cham ber up to  a  volume o f  1 cc« 
a r e  e s t i m a t e d .  We made up  c o u n t i n g  cham bers  o u r s e l v e s  w i th  
p e r s p e x  r i n g s .  F l u i d  i s  t a k e n  w i th  a  s y r i n g e  f rom  th e  m id d le  o f  
th e  s u s p e n s i o n  a f t e r  i n v e r t i n g  th e  b o t t l e .  I f  th e  p a r a s i t e s  a r e
- 2 2 -
r e  q u i  r e d  dead  th e  s u s p e n s i o n  i s  p l a c e d  i n  i c e  f o r  48 h o u r s .
A l th o u g h  i t  h a s  b e e n  r e p o r t e d  t h a t  th e  mf. w i t h i n  o n c h o o e rc o m a ta  
f lo w n  t o  a  l a b o r a t o r y  i n  i c e  w ere  a l i v e  s e v e r a l  d a y s  l a t e r ,  e x  
n o d u le  m f. c o l l e c t e d  i n  t h e  m anner d e s c r i b e d  above  do n o t  s u r v i v e  
ev en  24 h o u r s  i n  a  r e f r i g e r a t o r .  We gave them 48 h o u r s  o n ly  f o r  
good m e a s u re .
2 .  P r e p a r a t i o n  o f  a n t i g e n s
F o u r  a n t i g e n s  w ere  p r e p a r e d  from  th e  m f. s u s p e n s i o n s -
( a )  th e  s u s p e n s i o n  was s u b j e c t e d  to  s u p e r s o n i c  bom bardm ent 
a t  a  1 m egacyc le  f r e q u e n c y ,  6 w a t t  power o u t p u t ,  w i t h  a  4 
d i a m e te r  c e l l  f o r  a  p e r i o d  o f  15 m in u te s ,
(b )  th e  s u s p e n s i o n  was h e a t e d  a t  90°G f o r  one h o u r ,
( c) two volum es o f  a c e t o n e  were added  t o  one volume o f  
s u s p e n s i o n  a n d  l e f t  f o r  30 m in u te s  a t  4°C, a f t e r  w hich  th e  
a c e to n e  was e v a p o r a t e d  o f f  i n  a  vacuum,
(d )  t r i c h l o r a c e t i c  a c i d  2?/o was added  to  t h e  s u s p e n s i o n  i n  
e q u a l  vo lum e, l e f t  f o r  30 m in u te s  a t  4°C, a n d  t h e n  n e u t r a l i s e d  
w i t h  sodium  h y d ro x id e  a t  pH 7*
S t r e p to m y c in  was a d d e d  i n  th e  same p r o p o r t i o n  t o  e a c h  o f
th e  f o u r  a n t i g e n s ,  w hich  w ere  t h e n  k e p t  i n  i c e  u n t i l  r e q u i r e d .
3* P l a n  o f  e x p e r im e n ts
E x p e r im e n t  1 : The e f f e c t  o f  o c u l a r  i n j e c t i o n s  o f  l i v i n g
an d  dead  mf. a n d  o f  th e  f o u r  a n t i g e n s  i n  r a b b i t  e y e .
E x p e r im e n t  2 ; The a c t i v e  and  p a s s i v e  t r a n s f e r  o f
h y p o t h e t i c a l  a n t i b o d i e s  to  g u in e a  p i g  a n d  r a b b i t  e y e .
E x p e r im e n t  3 s The e f f e c t  o f  s u b c o n j u n c t i v a l  i n j e c t i o n s  
o f  dead  mf. i n  b l i n d  human s u b j e c t s  n o t  s u f f e r i n g  from  o n c h o c e r c i a s i s ,
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o r  s u f f e r i n g  from  o n o h o o e r o i a s i s  w i t h o u t  o o u l a r  i n v a s i o n ,  o r  
s u f f e r i n g  f ro m  o n o h o o e r o i a s i s  w i th  o o u l a r  i n v a s i o n  h u t  w i t h o u t  a n  
o c u l a r  l e s i o n .
No e x p e r im e n t  was c a r r i e d  o u t  on o n o h o o e r o i a s i s  s u b j e c t s  
w i th  o o u l a r  i n v a s i o n  an d  o o u l a r  l e s i o n s ,  a s  t h i s  was c o n s i d e r e d  
to o  h a z a r d o u s .
RESULTS
E x p e r im e n t  1
a .  The e f f e c t  o f  l i v i n g  mf. on th e  eye
No. m f. S u b s e q u e n t  h i s t o r y  S t r u c t u r e  No. O n se t
i n j e c t e d  o f  m f._______________  i n v o l v e d  o f  i n
a n i -  h o u rs  
m als
E f f e c t s S e q u e la e
10 None s e e n  a f t e r  Ant.chamb. 
f i r s t  day i n  2 a n d  i r i s  
a n im a l s ;  d o u b t f u l l y  
once o r  tw ic e  ow ing  
t o  f l a r e  i n  t h i r d .
12 One l i v i n g  a n d  S u b c o n j ,
( r e p e a t e d  one d y in g  mf. s e e n  
once) i n  same c o n j .  
b i o p s y .
48 S l i g h t  aqueous  
f l a r e ,  c o t t o n ­
wool e x u d a te s  
a t  p u p i l ,  
l a s t i n g  3 days.
24-36  L o c a l  h y p e r -  
a e m ia ,  s l i g h t  
g r e y  o p a c i t y  
o f  a d j a c e n t  
c o r n e a l  m argin .
T o t a l  a b s o r p ­
t i o n  i n  2 a n i ­
m als  and  
p e r s i s t e n t  t a g  
o f  e x u d a te  i n
1 .  K i l l e d  a t
1 3 weeks
C om plete  r e s o l ­
u t i o n  2 -3  days 
l a t e r .  No 
s e q u e l a e .  A l l  
k i l l e d  6 days  
a f t e r  r e o e a t .
20 3 m o t i l e  m f. s e e n
d a i l y  f o r  5 d a y s ;  
a  s i n g l e  m o t i l e  
m f. ,  on  12 t h  day; 
a f t e r  t h i s  d o u b t ­
f u l .
A n t e r i o r
chamber
120 T r a n s i e n t
f l a r e  l a s t i n g  
l e s s  t h a n  2 
days .
No s e q u e l a e .  
K i l l e d  a f t e r  
3 w eeks .
b .  The e f f e c t  o f  dead mf. on th e  eye
N i l S u b c o n j . S e v e re  b u l b a r  
h y p e ra e m ia ,  
t h e n  n e o v a sc .  
o f  a d j a c e n t  
c o r n e a l  s e c t o r  
w i th  g re y  
o p a c i t y .
Chemosis l im b u s .
R e s o l u t i o n  
s t a r t e d  7 t h  
day an d  to o k  
a n o t h e r  week.
Sil Subconj Same 
group cf 
6 , 20 
days 
l a t e r .
As above As a b o v e ,  
t h e n  k i l l e d ,  
i . e .  7 days  
a f t e r  2nd 
i n j e c t i o n .
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h o .  m f. S u b s e q u e n t  h i s t -  S t r u c t u r e  11 o , O n se t E f f e c t s S e q u e la e
i n j e c t e d  o ry  o f  m f. in v o lv e d  o f  i n  
a n i -  h o u r s
raals
6 Dead m f. i n
( r e p e a t e d  c o n j .  b i o p s y  
a t  7 - b a y  on two o c c a s i o n s ,  
i n t e r v a l s  
8 t im e s )
S u b con j,
12 -2 0  F ra g m e n ts  i n  
( v a r i e d  s e c t i o n s *  
i n  e a c h  
a n im a l)
I r i s
2 As a b o v e ,  o n ly  
( e a c h  a f t e r  A th  i n j*  
t im e)  l e s s  r e a c t i o n ;  
l i d  oedema 
m arked ; l a s t  
i n j .  d i d  n o t  
c a u se  r e a c t i o n .
1 -2  Anueous f l a r e  & 
f i e r y  hyperaemia 
o f  b u l b .  C o t to n  
wool e x u d a te s  
c o v e r i n g  p u p i l ;  
i n  4 o u t  o f  5 
p a r t  tum bled  
i n t o  A n t .cham b. 
I r i s  b lo o d  
v e s s e l s  e n g o r ­
ged; s l i g h t  
chem osis  o f  
l i d s .  A l l  above 
a t  h e i g h t  i n  7 
d a y s ; h e a l i n g  
to o k  a n o th e r  
5 - 4  wks, when 
4 k i l l e d *
One r a b b i t  
k i l l e d  a t  
h e i g h t  o f  
r e a c t i o n .
C h ro n ic  b u l b a r  
h y p e ra e m ia  and  
chem osis  o f  
l i d s  a f  t e r  2 
m on th s ,  when 
k i l l e d *
Re s o l u  t i  on began 
a f t e r  9 days* 
E x u d a te s  o r g a n ­
i s e d ,  p u p i l  mem­
b r a n e s  s h r a n k  & 
s p l i t *  At 2 1 s t  
day p u p i l  c le a re d  
i n  5 b u t  w i th  
r e s i d u a l  e x u d a te  
a t  m arg in (  r o l l e d  
b o r d e r )  o r  d e -  
pigm ented. f r i n g e ;  
i n  2 a n t . s y n *  & 
i n  1 p o s t ,  synechia; 
1 eye  had  p e r ­
s i s t e n t  occ lud ing  
membrane * Wh e r e  
p u p i l  c l e a r  a n t .  
l e n s  c a p s u l e  
showed c o lo u r  
p a t t e r n ,  l e n t *  
o p a c i t i e s  & f r e e  
p ig m e n t  g ranu les*  
A. 11 e y e s (  4) now 
q u i e t .  C o n t r o l  
e y e s  v e r y  s l i g h t  
e x u d a te  l a s t e d  
5 - 4  days 5: t h e n  
became ab so rb e d *
2-5  
( r e p e a te d  
i n  2 
r a b b its  
a f t e r  5 
days)
Fragm ents in  
s e c t io n s *
C orneal 4 immed-White o p a c ity  
strom a i a t e  & n e o v a sc u la r -
i s a t i o n  from  
lim bus* Bulbar  
hyperaem ia*
One k i l l e d  on 
5 r d  day*
P a r t  r e s o l u t i o n  
i n  o t h e r  r a b b i t s  
a f t e r  2-5  w eeks , 
l e a v i n g  c o r n e a l  
m a c u la .  C o n t r o l  
c o rn e a e  opaque 
f o r  2-5  days 
o n ly ,  A l e f t  no 
res iduum * K i l l e d  
a b o u t  2 1 s t  d a y .
No* m f* S u b s e q u e n t  H i s t o r y  S t r u c t u r e  No* 
i n j e c t e d  o f  mf* in v o lv e d  o f
a n i -
m als
50 F ra g m e n ts  i n  
s e c t i o n s
250 N i l  
(A p p ro x .)  
W eekly 
f o r  two 
m o n th s •
R e t r o ­
b u l b a r
Sub­
c u ta n e o u s
O n se t
i n
h o u r s
N i l
N i l
E f f e c t s S e q u e la e
No c l i n i c a l  gee  'M ic r o ­
change a f t e r  s c o p ic
1 week when
r a b b i t
k i l l e d .
a p p e a r a n c e s '  
i n  t h i s  p a r t  
o f  t h e  
t h e s i s .
A t tem p t  h e r e  No c o n c lu -  
t o  p ro d u ce  s i o n s  r e a c h e d
c h o r i o ­
r e t i n a l  
c hanges  was 
u n s u c c e s s f u l .
I n s e r t e d  
f o r  r e c o r d .
c .  The e f f e c t  o f  th e  f o u r  a n t i g e n s  on th e  eye
The e x p e r im e n t s  j u s t  d e s c r i b e d  were c a r r i e d  o u t  u s i n g  a  s im p le  
s u s p e n s i o n  o f  l i v i n g  o r  dead  mf. m ixed w i th  s t r e p to m y c in .  The 
e x p e r im e n t s  w i th  d ead  mf. were now r e p e a t e d  u s i n g  th e  f o u r  a n t i g e n s .  
Where th e  b o d ie s  o f  t h e  p a r a s i t e s  had  b een  s u b j e c t e d  to  bom bardm ent, 
t h e  r e s u l t s  were s i m i l a r  to  th o s e  d e s c r i b e d  ab o v e .  I n  t h e  c a s e  o f  t h e  
s e c o n d  a n t i g e n  t h e  r e a c t i o n  was s l i g h t ;  i n  t h e  t h i r d  and  f o u r t h  t h e  
r e s u l t s  were i n c o n c l u s i v e  by com par ison  w i th  t h e  c o n t r o l  eyes*  H e a t ,  
a c e t o n e  a n d  t r i c h l o r a c e t i c  a c i d  seem to  d e s t r o y  th e  t o x i n  p r o d u c e d  a s  
a  r e s u l t  o f  t h e  d i s i n t e g r a t i o n  o f  th e  mf. b o d i e s ,  which l e a d s  t o  
i n f l a m m a t io n  when n o t  so  t r e a t e d *
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E x p e r im e n t  2
A c t iv e  t r a n s f e r  o f  h y p o t h e t i c a l  a n t i b o d i e s
E ach  o f  th e  a n t i g e n s  i n  t u r n  was t e s t e d  on a  p a i r  o f  
a n im a ls  i n  a  g u in e a  p i g  and  r a b b i t  s e r i e s ,  t h a t  i s  16 a n im a ls  i n  a l l  
were  u s e d .  S u b c u tan e o u s  i n j e c t i o n s  o f  th e  a n t i g e n  b e i n g  t e s t e d  
w ere  g iv e n  f rom  15-25  days b e f o r e  th e  e x c i t i n g  dose was a d m i n i s t e r e d .  
The l a t t e r  was g iv e n  s u b c o n j u n c t i v a l l y  i n  th e  g u in e a  p i g  eye  a n d  
sub  con  June  t i v a l l y  and  i n t o  th e  i r i s  i n  th e  r a b b i t  e y e .  A s t a t e  o f  
h y p e r s e n s i t i v i t y  c o u ld  n o t  be e l i c i t e d .  I n  a d d i t i o n ,  th e  
q u a l i t a t i v e  r e s p o n s e  t o  a n  e q u a l  number o f  dead  mf. i n  th e  
s e n s i t i s e d  a n im a l  was i d e n t i c a l  t o  t h a t  i n  th e  n o n - s e n s i t i s e d .
The r e c o v e r y  p e r i o d s  were a l s o  r o u g h ly  th e  same. When th e  
s e n s i t i s i n g  a n d  e x c i t i n g  d o ses  were b o th  a d m i n i s t e r e d  l o c a l l y  i n t o  
t h e  o c u l a r  t i s s u e s  th e  same n e g a t i v e  r e s u l t s  were o b t a i n e d .
T h e re  c a n  be no q u e s t i o n  t h a t  n e i t h e r  w i th  th e  r e p e a t e d  * s e n s i t i s i n g '  
i n j e c t i o n s ,  a s  d e s c r i b e d  i n  E x p e r im e n t  1 , n o r  w i th  t h e  s i n g l e  
’ s e n s i t i s i n g ’ s u b c u ta n e o u s  o r  i n t r a o c u l a r  i n j e c t i o n s  d e s c r i b e d  
h e r e ,  d i d  a n  ’ e x c i t i n g ’ dose i n  th e  eye p ro d u ce  a n  a l l e r g i c  
r e a c t i o n .  T h e re  was, i n  o t h e r  w o rd s ,  no s u g g e s t i o n  a t  any  t im e  
t h a t  a  h y p e r s e n s i t i v e  s t a t e  e x i s t e d .
b .  P a s s i v e  t r a n s f e r  o f  h y p o t h e t i c a l  a n t i b o d i e s
The p u rp o se  of t h i s  e x p e r im e n t ,  a s  th e  l a s t ,  was t o  
d e m o n s t r a te  t h e  p re s e n c e  o f  a n  a n t i g e n - a n t i b o d y  sy s te m  i n  human 
o n c h o c e r c i a s i s .  On th e  a s s u m p t io n  t h a t  h e a v i l y - i n f e s t e d  p a t i e n t s
h a d  a  h i g h  a n t i b o d y  c o n t e n t  i n  th e  b lo o d ,  i t  was h o p e d  to  i n j e c t  
i n t o  t h e  eye  0 .0 5  m l .  o f  serum  from  such  p a t i e n t s  m ixed w i th  e q u a l  
vo lum es  o f  t h e  f o u r  a n t i g e n s .  S u b c o n j u n c t iv a l  i n j e c t i o n s  o f  t h e  
se rum  a l o n e ,  how ever ,  r e s u l t e d  i n  a  v i o l e n t  in f l a m m a to r y  r e a c t i o n  
i n  t h e  r a b b i t .  I t  was o b v io u s  t h a t  t h i s  p r o c e d u r e  c o u ld  n o t  be 
u s e d ,  human serum  i t s e l f  a c t i n g  a s  a  f o r e i g n  p r o t e i n .  R a b b i t s  
we s e n s i t i s e d  to  human serum  d i e d  o f  a n a p h y l a c t i c  s h o c k .  G uinea 
fo w l  e g g  album en p r o d u c e d  a n  e x u d a t i v e  i r i t i s  s i m i l a r  to  t h a t  
f o l l o w i n g  i n j e c t i o n  o f  human serum  i n t o  t h e  i r i s .  I n  an  e a r l i e r  
p a p e r  p a s s i v e  t r a n s f e r  o f  human a n t i b o d i e s  u s i n g  t h i s  t e c h n iq u e  
c o u ld  n o t  be d e m o n s t r a te d  i n  g u in e a  p i g  o r  r a b b i t  s k i n .
E x p e r im e n t  5
a .  E f f e c t  o f  dead  mf. on th e  eye o f  man n o t  s u f f e r i n g  from  
o n c h o c e r c i a s i s
F o r  t h i s  e x p e r im e n t  f r e s h  s u s p e n s i o n s  o f  dead  mf. were 
u s e d .  About 45 dead  p a r a s i t e s  were i n j e c t e d  u n d e r  th e  c o n j u n c t i v a  
a t  6 o ’ c lo c k  i n  th e  c a s e  of 2 v o l u n t e e r s ,  one b l i n d e d  by c a t a r a c t ,  
t h e  o t h e r  by o p t i c  a t r o p h y  ( p o s i t i v e  I  be t e s t ) .  N e i t h e r  
s u f f e r e d  from  o n c h o c e r c i a s i s  o r  t h e  b lo o d b o rn e  f i l a r i a l  d i s e a s e s .  
W i t h in  two h o u r s  a  v e ry  v i o l e n t  b u l b a r  h y p e ra e m ia  h a d  d e v e lo p e d ,  
an d  th e  p a l p e b r a l  c o n j u n c t i v a  was l i k e  r e d  v e l v e t .  T h i s  r e a c t i o n  
r e a c h e d  i t s  p e a k  a t  th e  en d  o f  24 h o u r s ,  and  t h e n  b e g a n  t o  r e s o l v e .  
A c r e s c e n t  o f  w h i te  c o r n e a l  o p a c i f i c a t i o n  d e v e lo p e d  a t  t h e  s i t e  o f  
t h e  i n j e c t i o n .  I t  took  s i x  days f o r  th e  i n f l a m m a t io n  t o  s u b s i d e .
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P r e p a r e d  a s  we were f o r  w h a t  was l i k e l y  t o  h a p p e n ,  hy h a v in g
p r e v i o u s l y  .com pleted  o u r  a n im a l  e x p e r im e n t s  a n d  g r a d e d  th e  dose
c a r e f u l l y ,  n e v e r t h e l e s s ,  t h e  d r a m a t i c  o n s e t  o f  t h i s  v i o l e n t  r e a c t i o n
i n  th e  f i r s t  p a t i e n t  was r a t h e r  f r i g h t e n i n g , ,  No harm was done ,
h o w e v e r ,  an d  th e  p a t i e n t s  were s u b s e q u e n t ly  h a n d e d  o v e r  t o  h o s p i t a l
f o r  t r e a t m e n t  o f  t h e i r  d i s e a s e s  an d  b e n e f i t e d  i n  t h e  l o n g  r u n .
th e  c a s e  o f  
T h i s  was done i n / a l l  t h e  human v o l u n te e r s *
b .  E f f e c t  o f  dead  m f. on th e  eye o f  man s u f f e r i n g  from  
o n c h o c e r c i a s i s  b u t  w i t h o u t  o c u l a r  i n v a s i o n
Only one s u b j e c t ,  b l i n d e d  by g laucom a, was s e l e c t e d .  
F o l lo w in g  t h e  s u b c o n j u n c t i v a l  i n j e c t i o n  o f  a b o u t  45 dead  mf. from  
t h e  same s u s p e n s i o n ,  a  l e s s  v i o l e n t  r e a c t i o n  o f  t h e  b u l b a r  
c o n j u n c t i v a  o c c u r r e d  com pared  w i th  t h e  two p r e v i o u s  c a s e s .  The 
h y p e ra e m ia  to o k  two days  to  d e v e lo p  and  d i s a p p e a r e d  i n  a  week*
c .  E f f e c t  o f  dead  m f. on th e  eye o f  man s u f f e r i n g  from  
o n c h o c e r c i a s i s  a n d  w i t h  o c u l a r  i n v a s i o n  b u t  w i th o u t  
a n  o c u l a r  l e s i o n
T here  were t h r e e  s u b j e c t s ,  a l l  b l i n d e d  by  s e n i l e  c a t a r a c t .  
The same p ro c e d u r e  was c a r r i e d  o u t  a s  b e f o r e ,  u s i n g  th e  same mf. 
s u s p e n s i o n .  T here  was a b s o l u t e l y  no r e a c t i o n  i n  any  o f  th e  c a se s*  
T h is  was r e p e a t e d  i n  one c a s e  im m e d ia te ly ,  b u t  t h e  eye  s t i l l  
r e m a in e d  w h i t e .  The d e a d  mf. which l e d  t o  s u c h  a d r a m a t ic  
in f l a m m a to r y  r e a c t i o n  i n  t h e  o t h e r  s u b j e c t s  h a d  no e f f e c t  on t h i s  
ty p e  o f  case*
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d .  E f f e c t  o f  dead  m f. on t h e  s k i n  o f  man
T h is  was c a r r i e d  o u t  on two s u b j e c t s :  one w i t h  a n
I . D . F .  o f  31 a n d  th e  o t h e r  who d i d  n o t  s u f f e r  from  o n c h o c e r c i a s i s  
o r  a n y  o t h e r  f i l a r i a l  i n f e s t a t i o n .  I n  b o t h ,  a b o u t  50 d e a d  m f. 
were i n j e c t e d  s u b c u ta n e o u s ly  i n t o  th e  t h i g h ,  an d  th e  c o n t r o l  
s o l u t i o n  p l a c e d  i n  t h e  o p p o s i t e  l e g .  T h e re  was a  m o d e ra te  
i n f l a m m a to r y  r e a c t i o n  i n  e a ch  p a t i e n t ,  s l i g h t l y  more s e v e r e  t h a n  
t h a t  i n  t h e  c o n t r o l  l im b s ,  an d  a p p r o x i m a t e ly  th e  same i n  b o t h
s u b j e c t s .  These r e s u l t s ,  t o  be i n c l u d e d  i n  a n o t h e r  p a p e r ,  a r e
i n s e r t e d  h e r e  f o r  two r e a s o n s :  f i r s t ,  th e  im m unity  o r  p a r t i a l
im m unity  o f  th e  eye w hich E x p e r im e n t  3 a p p e a r s  t o  d e m o n s t r a t e  
does  n o t  a p p a r e n t l y  o c c u r  i n  t h e  s k i n ;  i t  i s  i n  s h o r t  p r o b a b l y  
a  l o c a l  t i s s u e  im m un ity .  S e c o n d ,  t h e  r e a c t i o n  o f  th e  s k i n  n e e d  
n o t  n e c e s s a r i l y  be a n  a l l e r g i c  one; i t  t o o  may be t h e  r e s u l t  o f  
a  p r im a ry  t o x i c  e f f e c t ,  a s  i s  i l l u s t r a t e d  i n  t h e  c a s e  o f  th e
s e c o n d  o f  t h e s e  two s u b j e c t s .
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HCROSCOPIC APPEARANCES OF THE EXPERIMENTAL EYES
The e x p e r im e n t s  j u s t  d e s c r i b e d  gave r i s e  t o  l e s i o n s  
c l i n i c a l l y  i d e n t i c a l  w i t h  m ost o f  th e  o c u l a r  m a n i f e s t a t i o n s  o f  
o n c h o c e r c i a s i s  s e e n  i n  man; th e  l i m b i t i s ,  s c l e r o s i n g  k e r a t i t i s ,  
k e r a t o u v e i t i s  a n d  a n t e r i o r  u v e i t i s  were c l e a r l y  d e m o n s t r a t e d .  We 
were u n a b le  t o  r e p r o d u c e  th e  p u n c t a t e  k e r a t i t i s ,  f o r  where o n ly  
one o r  two d ead  mf. were p l a c e d  i n  th e  c o r n e a  th e  r e s u l t a n t  
o p a c i t y  was much b i g g e r  t h a n  t h o s e  a p p e a r i n g  i n  a  p u n c t a t e  k e r a t i t i s .  
We d i d  n o t  a t t e m p t  t o  p l a c e  d ead  m f. i n  th e  c h o r o i d ,  r e t i n a  o r  
o p t i c  n e r v e ,  a l t h o u g h  we d id  p ro d u c e  by r e t r o b u l b a r  i n j e c t i o n  
w hat p r o v e d  on a u to p s y  t o  be a  p e r i n e u r i t i s ;  b u t  t h e r e  was 
n o t h i n g  i n  t h e  c l i n i c a l  p i c t u r e  to  a s s o c i a t e  t h i s  w i t h  w ha t  we 
o b s e rv e d  i n  man.
The e y e b a l l s  were embedded i n  c e l l o i d i n  a n d  s t a i n e d  
w i th  h a e m a to x y l in  and  e o s i n .  The m ic r o s c o p i c  a p p e a r a n c e s  i n  
t h e  f i r s t  p a r a g r a p h s  be low  a r e  g iv e n  u n d e r  th e  c l i n i c a l  h ead s  
o f  t h e  o c u l a r  l e s i o n s  so  th e y  may be com pared  th e  more r e a d i l y  
w i t h  t h e  d e s c r i p t i o n s  o f  th e  human p a th o l o g y  r e p o r t e d  i n  P a r t  I T .  
There i s  one im p o r t a n t  d i f f e r e n c e  i n  t h e  two g roups , w hich must 
be u n d e r l i n e d  a t  th e  s t a r t .  The a n im a l  e y e s  f o r  t h e  g r e a t e r  
p a r t  ( b u t  n o t  e n t i r e l y )  r e p r e s e n t  t h e  a c u t e  s t a g e s  o f  t h e  d i s e a s e  
i n  t h f  d i f f e r e n t  s t r u c t u r e s  o f  th e  e y e ,  w h i l e  t h e  human r e p r e s e n t  
t h t  § u b a o u te  o r  th e  c h r o n i c .
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1 • P rim ary exogenous in fla m m a tio n  around (.lead p a r a s it e s  
a * h lm b it ia
The t i s s u e  i n  the r e g io n  o f  the  l irabus  where s u b c o n ­
j u n c t i v a l  i n j e c t i o n s  o f  dead mf* had been  made, was m arkedly  
oedemato u s  and  showed a  d i f f u s e  j n f t i t r a t i o n  i n  w hich  e o s i n o p h i l  
l e u c o c y te s  and  lymphocytes were p r e s e n t .  The i n f i l t r a t i o n  
ex ten d ed  i n t o  th e  s u p e r f i c i a l  h a l f  o f  the  c o r n e a !  s trom a f o r  a 
few mms. and  a l s o  i n  a p o s t e r i o r  d i r e c t i o n  i n t o  th e  e p i s c l e r a l  
t i s s u e  and  eve n  i n t o  th e  s h e a th s  o f  the  e x t r a - o c u l a r  musol on .
The a d v a n c in g  edge of  tho c o rn e a l  i n f i l t r a t i o n  c o n s i s t e d  m ain ly  
o f  e o s i n o p h i l  le u c o c y te s ,  and th e  p e r i v a s c u l a r  i n f i l t r a t i o n  o f  
th e  c o n j u n c t i v a l  v e s s e l s  a t  the l im bue  was d e r iv e d  from tho 
ly m phocy te  elem ent* T his  no doubt e x p la in s  why the  r e s o l u t i o n  
o f  t h e  c o r n e a l  o p a c i f i c a t i o n  i n  the  l i g h t l y  a f f e c t e d  case  wa® 
com ple te*  The i r i s  was q u ie t  and u n a f f e c t e d .  I n v a s io n  of the 
c o rn e a  by  s m a l l  c a p i l l a r i e s ,  accompanied by th e  u s u a l  c e l l® ,  
more p a r t i c u l a r l y  i n  r e p e a te d  i n f e c t i o n s ,  o c c u r re d ,  the  now 
v e s s e l s  p a s s i n g ’ u n d e r  the  e p i th e l iu m  and above Bowman1 u as one.
There i s ,  o f  c o u rs e ,  no Bowman*s membrane i n  th e  r a b b i t ,
b .  S c l e r o s in g -  k e r a t i t i s
The cornea  i n  the  ne ighbourhood  of the dead- mf# p la c e d  
i n  th e  s trom a r e v e a le d  p e r ip h e r a l  v a s c u la r i s a t io n  and an o r g a n i s i n g  
su b a c u te  k e r a t i t i s .  The dominant c e l l s  were e o s in o p h i l  3eucooyt** 
and lym phocytes among which a  few plasm a c e l l s  were p ro g e n t .  The 
e o s in o p h i l s  were p r e s e n t  i n  l a r g e  numbers a t  the  adv an c in g  edge o f
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t h e  p a n n u s  bey o n d  th e  f o re m o s t  v e s s e l *  The l a t t e r  l a y  c l o s e  u n d e r  
t h e  e p i t h e l i u m ;  f i b r o b l a s t s  were a l s o  s e e n  p a s s i n g  a l o n g  w i t h  th e  
v e s s e l s  f ro m  th e  l im b a l  a r e a ;  i t  was n o t  p o s s i b l e  t o  s a y  w h e th e r  
t h e y  w ere  c o r n e a l  c o r p u s c l e s  o r  s c l e r a l  f i b r o b l a s t s  w hich  h a d  in v a d e d  
th e  c o r n e a .  T here  was m arked c o n g e s t i o n  a n d  p e r i v a s c u l a r  i n f i l t r a ­
t i o n  o f  t h e  l i m b a l  b lo o d  v e s s e l s  o u t s i d e  th e  c o r n e a ,  some o f  w hich  
h a d  become o c c lu d e d  a s  a  r e s u l t  o f  t h e  e n d o t h e l i a l  s w e l l i n g *
c .  A n t e r i o r  u v e i t i s
I n v o lv e m e n t  o f  th e  c o r n e a l  m a rg in  i n  th e  n e ig h b o u rh o o d  o f  
t h e  n e e d le  p u n c tu r e  was n o t  a l t o g e t h e r  due to  t raum a by c o m p a r is o n  
w i th  t h e  c o n t r o l  e y e .  I t  may be t h a t  th e  f l u i d  o f  th e  mf* 
s u s p e n s i o n  c o n t a i n e d  some t o x i c  p r o d u c t s  o f  t h e  mf. w i t h i n  i t ,  and  
t h a t  t h a t  c a u s e d  th e  k e r a t i t i s  w h ich  d e v e lo p e d  a ro u n d  th e  t r a c k  o f  
th e  n e e d l e .  The m ain  e f f e c t ,  how ever , a s  was i n t e n d e d ,  was s e e n  
i n  t h e  a n t e r i o r  u v e a ,  i n  th e  i r i s  a n d  c i l i a r y  body, e s p e c i a l l y  
th e  f o rm e r  i n t o  w hich  mf. had  b e e n  i n j e c t e d .
The a f f e c t e d  p a r t  o f  t h e  c o rn e a  r e f l e c t e d  to  a  m ino r  
d e g re e  t h e  p i c t u r e  s e e n  i n  s c l e r o s i n g  k e r a t i t i s ,  an d  may be q u i c k l y  
d i s m is s e d *  The v e s s e l s  o f  t h e  l im b a l  c i r c l e  were v e r y  c o n g e s t e d  
and  c u f f e d  w i t h  in f la m m a to ry  c e l l s .  T h e re  was a l s o  c o n s t a n t  
i n v o lv e m e n t  o f  th e  c i l i a r y  body , a l t h o u g h  i n  none o f  t h e s e  e y e s  
h a d  m f. been , p l a c e d  i n  t h a t  s t r u c t u r e .  T h is  was more t h a n  
v a s c u l a r  c o n g e s t i o n ;  p lasm a c e l l s  a n d  a n  o c c a s i o n a l  n o d u le  o f  
ly m p h o c y te s  i n  t h e  c i l i a r y  body were s e e n  i n  some eyes*  One 
a ssum es t h a t  t o x i n s  had  d i f f u s e d  t h e r e  from  th e  i r i s .
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The i r i s  i t s e l f  was s e v e r e l y  a f f e c t e d .  The c h ro m a to -  
p h o r e s  o f  t h e  s t ro m a  m ig r a t e d  i n  l a r g e  num bers t o  t h e  a n t e r i o r  f a c e  
a n d  t h e r e  fo rm ed  a s o l i d  b a n d .  The p o s t e r i o r  e p i t h e l i u m  became 
s w o l l e n  a n d  d a r k e r .  T here  was a n  i n f i l t r a t i o n  o f  e o s i n o p h i l  
l e u c o c y t e s  w i t h  some ly m p h o c y te s ,  p lasm a c e l l s  a n d  a n  o c c a s i o n a l  
m onocyte  a l s o  p r e s e n t *  The e n d o th e l iu m  o f  t h e  v e s s e l s  had  s w o l le n  
a n d  i n  p l a c e s  th e y  were o c c lu d e d .  The sp a ce  n o r m a l ly  p r e s e n t  i n  
th e  i r i s  a r t e r i e s  c o u ld  n o t  r e a d i l y  be d i s t i n g u i s h e d .
F i n a l l y ,  a n  in f l a m m a to r y  e x u d a te  was p r e s e n t  n o t  o n ly  w i t h i n  
th e  i r i s  b u t  a l s o  i n  t h e  a n t e r i o r ,  a n d  som etim es  th e  p o s t e r i o r ,  
cham ber;  o c c a s i o n a l l y  e x u d a te  l a y  on th e  s u r f a c e  o f  t h e  a n t e r i o r  
p a r t  o f  t h e  r e t i n a ,  A c y c l i t i c  membrane was w e l l - f o r m e d  i n  some.
The f i l t r a t i o n  a n g le  o f  e a c h  o f  th e  e y e s ,  a l t h o u g h  to  v a r y i n g  d e g r e e s ,  
was e n c i r c l e d  w i th  o r g a n i s i n g  f i b r i n o u s  e x u d a te  i n  w hich  many 
in f la m m a to r y  c e l l s  c o u ld  be  made out* Where th e  o c c lu d i n g  
membrane o v e r  th e  p u p i l  p e r s i s t e d  i t  was f u l l y  o r g a n i s e d ;  p o s t e r i o r  
s y n e c h ia e  o r  e c t r o p i o n  o f  th e  p igm en t  f r i n g e  were a l s o  n o t e d .
I n  two ey e s  t h e  l e n s e s  showed e a r l y  c o r t i c a l  o p a c i t i e s ,
d .  O p t i c  p e r i n e u r i t i s
The n e rv e  i t s e l f  was n o t  a f f e c t e d ,  and  a p p e a r e d  h e a l t h y .  
T h e re  was s u s p e c t e d  c o n g e s t i o n  o f  th e  s e p t a l  v e s s e l s *  I n f l a m m a to r y  
c e l l s  were p r e s e n t  i n  abundance  i n  th e  s u b a r a c h n o id  s p a c e ,  
c o n s i s t i n g  f o r  th e  g r e a t e r  p a r t  o f  ly m p h o c y te s .  E o s i n o p h i l  
l e u c o c y t e s  were p r e s e n t  i n  l a r g e  numbers i n  th e  a d j a c e n t  p o s t e r i o r  
c i l i a r y  v e s s e l s .
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2 .  P o s s i b i l i t y  o f  i n f l a m m a t i o n  b e i n g  induced . by e x o to x i n s  from  
l i v i n g  mfp
Where l i v i n g  m f. were p l a c e d  u n d e r  t h e  c o n j u n c t i v a ,  oedema 
a n d  i n f i l t r a t i o n  were s l i g h t  an d  v a r i a b l e  i n  d e g re e  and  c o r n e a l  
in v o lv e m e n t  n e g l i g i b l e .  The t o t a l  a b s e n c e  o f  e o s i n o p h i l  
l e u c o c y t e s  was a f e a t u r e .  I n  th e s e  a n im a ls  w here l i v i n g  mf. 
were p l a c e d  i n  t h e  a n t e r i o r  cham ber and  i r i s ,  no in f la m m a to ry  
ch a n g es  a t  a l l  were o b s e r v e d  i n  t h e  s e c t i o n s  o t h e r  t h a n  a l i t t l e  
a lb u m in o u s  e x u d a te ,  p r o b a b l y  p o s t  mortem i n  o r i g i n .  As th e  c h a n g e s ,  
m in o r  th o u g h  th e y  w e re ,  were s i g n i f i c a n t l y  g r e a t e r  t h a n  t h o s e  s e e n  
i n  th e  c o n t r o l  e y e s  t h e r e  m ust be some e x p l a n a t i o n  f o r  them .
E i t h e r  l i v i n g  mf. do s e c r e t e  a n  e x o to x i n ,  o r  one o r  two d i e d ,  
p e r h a p s ,  b e f o r e  t h e  s u s p e n s i o n  was i n j e c t e d ,  o r  maybe t h e i r  movements 
when up  a g a i n s t  a  b a r r i e r ,  l i k e  th e  i n n e r  p u p i l l a r y  r i n g ,  l e d  to  
i r r i t a t i o n .
As n o t  e v e ry  eye gave e v id e n c e  o f  t h e s e  c hanges  ( s l i g h t  
a q ueous  f l a r e ,  h y p e ra e m ia  a n d  e x u d a t i o n  a t  th e  p u p i l ) , and  a s  
th e y  d i s a p p e a r e d  w i t h i n  a  few  days  o f  o n s e t ,  we a r e  i n c l i n e d  to  
b e l i e v e  t h a t  th e  l a s t  o f  t h e  t h r e e  e x p l a n a t i o n s  i s  th e  most 
p r o b a b le *
5* O n s e t  o f  t o l e r a n c e  w i th  r e p e a t e d  i n f e c t i o n s
The s u b c o n j u n c t i v a l  t i s s u e s  i n t o  w hich  d e a d  mf. were 
r e p e a t e d l y  i n j e c t e d ,  when f i n a l l y  exam ined , showed m arked  oedema 
an d  a  d i f f u s e  c h r o n i c - i n f l a m m a t o r y - c e l l  i n f i l t r a t i o n ,  i n  w hich 
p lasm a  c e l l s  d o m in a te d ;  e o s i n o p h i l  l e u c o c y t e s  a n d  ly m p h o cy te s
w ere  p r e s e n t  b u t  i n  d e c r e a s e d  q u a n t i t y .  T h is  s e r i e s  o f  a n im a ls
was th e  f i r s t  where t h e  c o n d i t i o n  m ig h t  be c l a s s i f i e d  a s  c h r o n i c ;
a s  i t  t u r n e d  o u t  t h e  m ic r o s c o p ic  a p p e a r a n c e s  e x a c t l y  c o r r e s p o n d e d
w i t h  th o s e  we fo u n d  l a t e r  i n  man. The s e c t o r  o f  c o rn e a  a d j a c e n t
c h r o n i c
t o  t h e  a r e a  o f  l i m b i t i s  was v a s c u l a r i s e d  an d  s o m e / in f la m m a to ry  
c e l l s  an d  f i b r o b l a s t s  h a d  in v a d e d  th e  s u p e r f i c i a l  s t r o m a .  Some 
p a t c h e s  o f  i n t e r s t i t i a l  k e r a t i t i s  were p r e s e n t ,  a l t h o u g h  mf. 
h a d  n o t  b e e n  p l a c e d  i n  t h e s e  a r e a s  and  no s i g n  o f  mf. f r a g m e n ts  
were v i s i b l e .  One assum es t h e s e  p a tc h e s  a r o s e  from  th e  d i f f u s i o n  
o f  t o x i n s  from  th e  p r im a ry  f o c u s .  The a n t e r i o r  cham ber c o n ta in e d  
a  s m a l l  amount o f  e x u d a te ,  b u t  t h a t  was a l l ;  th e  e x u d a te  was 
a lb u m in o u s  and  t h e r e  were no c e l l s .  C o n s i d e r i n g  th e  g r e a t  
r e a c t i o n  a n d  s e v e r e  s t r u c t u r a l  changes w hich r e s u l t  from  a  f i r s t  
i n j e c t i o n  o f  p a r a s i t e  b o d i e s ,  th e  m ic r o s c o p ic  ch an g es  a f t e r  
r e p e a t e d  i n j e c t i o n s  c o n f i rm  th e  c l i n i c a l  e v id e n c e  t h a t  th e  o c u l a r  
t i s s u e s  become l o c a l l y  immune, o r  p a r t i a l l y  so  a t  l e a s t .  The 
a p p e a r a n c e  o f  pannus i n  th e  i n t e r s t i t i a l  l a y e r s  o f  th e  c o rn e a ,  where 
no mf. h a d  been  p l a c e d ,  was a  new and  i n t e r e s t i n g  f e a t u r e ,  and  
p r o b a b ly  r e f l e c t s  what h ap p en s  i n  th e  human e y e .  S e v e r a l  mf. 
i n  t h e  p r o c e s s  of  d i s s o l u t i o n  were found  i n  th e  s u b c o n j u n c t i v a l  
t i s s u e  a t  th e  s i t e  o f  th e  l a s t  i n j e c t i o n .  The two r a b b i t s  were 
s a c r i f i c e d  3 - 4  days a f t e r  th e  l a s t  i n j e c t i o n ,  a t  w hich  tim e t h e r e  
was no change i n  th e  c l i n i c a l  a p p e a ra n c e  e x i s t i n g  b e f o r e  t h a t  i n j ­
e c t i o n ,  namely a  c h r o n ic  m i ld  i r r i t a t i o n .  The p a th o l o g y  s u p p o r t s  
t h i s  o b s e r v a t i o n .
4* o f  a l l e r g y  a f t e r  s e n s i t i s a t i o n
W ith  th e  f i r s t  t h r e e  o r  f o u r  i n j e c t i o n s  i n t o  th e  eye 
we o b s e r v e d  th e  same d e g re e  o f  i n f l a m m a t io n .  B e in g  a b le  t o  g rad e  
th e  d osage  i t  was p o s s i b l e  to  a s s e s s  the  p r o b a b l e  d e g re e  o f  th e  
r e a c t i o n s ,  a n d  to  f o r e c a s t  them . S e n s i t i s a t i o n  by r e p e a t e d l y  
i n j e c t i n g  th e  p a r a s i t e s  i n t o  t h e  e y e ,  a s  we have  shown ab o v e ,  
d i d  n o t  p ro d u ce  a l l e r g y  ( h y p e r s e n s i t i v i t y ) .  H y p o s e n s i t i v i t y  
r e s u l t e d  i n s t e a d .  S e n s i t i s a t i o n  by a d m i n i s t e r i n g  th e  dead  mf. 
a s  a n  a n t i g e n  an d  t h e n  a b o u t  15 days l a t e r  g i v i n g  a s h o c k in g  dose 
p r o v id e d  no e v id e n c e  t h a t  a  h y p e r s e n s i t i v e  s t a t e  c o u ld  be c r e a t e d  
i n  t h i s  way any  more t h a n  by r e p e a t e d  i n j e c t i o n s .  The c l i n i c a l  
and  m ic r o s c o p ic  a p p e a r a n c e s  were s i m i l a r  no m a t t e r  w h e th e r  i t  was 
th e  f i r s t ,  s e c o n d ,  t h i r d  o r  f o u r t h  i n j e c t i o n  d i v i d e d  i n  p o i n t  o f  
t im e  by o ne , two o r  t h r e e  w eeks . The s o - c a l l e d  s h o c k in g  d o se ,  
g iv e n  a f t e r  th e  p e r i o d  o f  t im e  u s u a l l y  p r e s c r i b e d  f o r  a n t i b o d y  
f o r m a t i o n ,  d id  n o t  p ro d u ce  a r e a c t i o n  any  more v i o l e n t  t h a n  d i d  a 
s e co n d  i n j e c t i o n  g iv e n  w i t h i n  t h i s  p e r i o d .
5* Changes i n  t h e  c o n t r o l  eyes
The e f f e c t  o f  th e  R in g e r - L o c k e -S t r e p to m y c in  s o l u t i o n  on 
th e  eye was s l i g h t  a n d  i n c o n s t a n t  a n d  u s u a l l y  d i s a p p e a r e d  i n  a  
c o u p le  o f  d a y s .  I t  c o n s i s t e d  o f  a  s l i ^ i t  g r a n u l a r  e x u d a te  i n  
t h e  a n t e r i o r  cham ber, som etim es  i n  th e  p o s t e r i o r  a l s o ,  and a ro u n d  
th e  p e r f o r a t i n g  wound, s i t e  o f  th e  o r i g i n a l  i n j e c t i o n ,  a  s l i g h t  
in f l a m m a to r y  i n f i l t r a t e .  E o s i n o p h i l  l e u c o c y t e s  were n o t i c e a o l y
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a b s e n t ,  and th e  i n f i l t r a t e  was s t r i c t l y  l o c a l i s e d *  Where the  
n ee d le  had p e n e t r a t e d  the i r i s  th e re  might be a  few in f la m m a to ry  
c e l l s ,  o r  n o t h i n g  a t  a l l *  S l i g h t  -v a s c u la r  c o n g e s t i o n  a t  th e  
l im b u s  a t  t h e  s i t e  o f  th e  l im b a l  p u n c tu r e  was g e n e r a l ,  b u t  q u ic k ly  
s e t t l e d *  The ey es  e x c i s e d  s e v e r a l  days a f t e r  th e  i n i t i a l  
o p e r a t i o n  (5  t o  60 a p p r o x im a te ly )  r e v e a l e d  no a b n o rm a l i ty *  As 
a  r e s u l t  of t h e s e  f i n d i n g s  we have  e v e ry  c o n f i d e n c e  t h a t  th e  
s t r u c t u r a l  ch an g es  i n  th e  eye  t r e a t e d  w i th  mf* s u s p e n s io n s  depended 
e n t i r e l y  on th e  p r e s e n c e  o f  th e  p a r a s i t e  b o d ie s *
DISCUSSION
T h e re  i s  no d oub t  t h a t  th e  c l i n i c a l  l e s i o n s  p ro d u c e d  i n  
t h e  a n im a l s  i n  th e  e x p e r im e n ts  j u s t  d e s c r i b e d  e x a c t l y  r e p r e s e n t  
t h o s e  s e e n  i n  man. We re p ro d u c e d  th e  l i m b i t i s , s c l e r o s i n g  
k e r a t i t i s ,  i n t e r s t i t i a l  k e r a t i t i s ,  a n d  a n t e r i o r  u v e i t i s  i n  f u l l  
d e t a i l .  Tho a c u t e  p h ase  i s  b r i e f ,  an d  i t  seems t h a t  w i t h i n  a 
m a t t e r  o f  one o r  a t  th e  m ost two weeks th e  p i c t u r e  o f  a n  
e s t a b l i s h e d  c h r o n i c  o c u l a r  l e s i o n  p r e s e n t s  i t s e l f .  Thus th e  
a n im a l  e x p e r im e n t s  a f f o r d e d  e v id e n c e  o f  th e  most i m p o r t a n t  k in d  
o f  what we a lo n e  had  p r e v i o u s l y  c o n c lu d e d  on c l i n i c a l  g r o u n d s ,
namely t h a t  a n  a c u t e  phase  does o c c u r  i n  man, c o n t r a r y  t o  p a s t
Po p in io n  (R o d g e r  ) ,  To be a b l e  to  o b s e rv e  th e  a c u te  a t t a c k  from  
i t s  o n s e t  t o  i t s  r e s o l u t i o n  by s l i t  lamp a n d  t o  n o te  how c o m p l ic a ­
t i o n s  a r i s e ,  a l l  f i t t i n g  i n t o  th e  c l i n i c a l  p a t t e r n  s e e n  i n  man 
where t h e y  a r e  r e v e a l e d  a t  d i f f e r e n t  s t a g e s  l i k e  a  j i g - s a w  p u z z l e ,  
was m ost e n l i g h t e n i n g .  W ith  th e  know ledge t h a t  o c u l a r  
o n c h o c e r c i a s i s  does  l e a d  t o  o c c l u s i o n  o f  th e  p u p i l ,  does  c a u s e  
e x u d a te  t o  d r a g  th e  p u p i l l a r y  m a rg in  down, t h a t  th e  e x u d a te  does  
t e n d  t o  r e s o l v e  i n  whole o r  i n  p a r t ,  and  f r e q u e n t l y  l e a v e s  a  
' r o l l e d  b o r d e r '  o f  o r g a n i s e d  t i s s u e  a t  th e  p u p il ,  o r  i f  i t  
c o m p le te ly  r e s o l v e s  u n c o v e rs  a  d epigm ented p igm en t f r i n g e  w i th  
o r  w i t h o u t  s y n e c h ia e , w ith  o r  w ith o u t l e n t i c u la r  o p a c i t i e s , a n d  
so  on , g r e a t ly  s t r e n g t h e n s  one* s  c o n f id e n c e  i n  making a d ia g n o s is •
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I t  i s  a n  e x p e r i e n c e  t o  be recommended* F o r  t h i s  r e a s o n  a l o n e ,  
t h e r e f o r e ,  t h e  e x p e r im e n t s  were w o r th  w h i l e ,  a l t h o u g h  t h a t  was 
n o t  t h e i r  m ain  p u r p o s e .  We w an ted  t o  t r y  a n d  f o r m u la t e  t h e  
p a t h o g e n e s i s .
T h e re  seems l i t t l e  d o u b t  t h a t  th e  e s s e n t i a l  f a c t o r  i s  
d e a th  o f  t h e  m f. i n  th e  t i s s u e s  c o n c e r n e d .  The r e a c t i o n  i s  
im m ed ia te  a n d  v i o l e n t  i n  a n  eye  n o t  p r e v i o u s l y  i n f e c t e d .  W ith  
r e p e a t e d  i n f e c t i o n s ,  i t  was c l e a r l y  d e m o n s t r a te d  th e  t i s s u e s  
become l e s s  and  l e s s  s e n s i t i v e .  T h is  s t a t e  o f  t o l e r a n c e  a p p e a r s  
t o  be a  p r o p e r t y  b e s t  d e f i n e d  a s  a  l o c a l  im m unity ,  a n d  does  n o t  
a p p e a r  t o  o c c u r  i n  th e  s k i n  o f  man. The o p p o s i t e  s t a t e  o f  a f f a i r s ,  
h y p e r s e n s i t i v i t y  o f  t h e  eye t o  r e p e a t e d  o r  s e n s i t i s i n g  i n j e c t i o n s ,  
we f a i l e d  t o  d e m o n s tra te*  p e r h a p s  t h i s  c la im  s h o u ld  n o t  b© 
u n d u ly  p r e s s e d ,  b e c au se  t h e s e  l a t t e r  e x p e r im e n ts  were n o t  
a l t o g e t h e r  c o m p re h e n s iv e .  More work m ust be done i n  th e  c a se  o f  
th e  human e y e .
One t h i n g  t h a t  d id  emerge c l e a r l y  was t h a t  i t  i s  t h e  
dead  a n d  n o t  t h e  l i v i n g  p a r a s i t e s  w h ich  have a  p r im a ry  t o x i c i t y .
I t  i s  n o t  e a s y  t o  e x p l a i n  th e  m ild  in f la m m a to ry  r e a c t i o n  w h ich  
o c c u r r e d  i n  some o f  th e  ey e s  i n t o  w hich  l i v i n g  mf, h a d  been, 
i n j e c t e d .  I t  may b e ,  a s  we have  s u g g e s t e d  e a r l i e r ,  t h a t  th e  
o r i g i n a l  s u s p e n s i o n  h a d  b e e n  s l i ^ i t l y  c o n ta m in a te d  w i t h  m f. t o x i n  
by  one o f  them, h a v in g  d i e d  b e f o r e  th e  i n j e c t i o n  was a d m i n i s t e r e d ,  
b u t  t h a t  w ou ld  n o t  e x p l a i n  th e  d e la y e d  r e a c t i o n  w hich  o c c u r r e d  i n  
some o f  t h e  a n im a l s .  T h is  r e a c t i o n  a d m i t t e d l y  m s  s l i g h t  and
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t r a n s i e n t ,  b u t  i t  none th e  l e s s  r e q u i r e s  an  e x p l a n a t i o n .  l ie  
do n o t  a c c e p t  i t  a s  e v id e n c e  t h a t  th e  l i v i n g  mf, s e c r e t e  a n  
e x o t o x i n .  I t  i s  more p r o b a b ly  due to  m e c h a n ic a l  i r r i t a t i o n ,  
s u c h  a s  mig^it h ap p en  i f  a  p a r a s i t e  became e n t a n g l e d  i n  th e  s t ro m a  
o f  t h e  i r i s ,  o r  k e p t  p u s h in g  away a t  th e  p u p i l l a r y  m a rg in .  One 
o n ly  n e e d s  t o  o b se rv e  t h e  a c t i v i t y  o f  t h e  p a r a s i t e s  u n d e r  t h e  
m ic ro sc o p e  i n  i r i s  o r  c o r n e a l  b i o p s i e s  t o  a c c e p t  t h i s  t h e o r y  more 
r e a d i l y .  The f a c t  t h a t  we d i d  n o t  a lw a y s  o b se rv e  th e  m f. we 
had  p l a c e d  i n  th e  a n t e r i o r  cham ber was a t  t im e s  d i s c o n c e r t i n g ,  
b u t  i s  f u l l y  i n  a c c o r d  w i th  o u r  e x p e r i e n c e s  i n  man, where e y e s  
r e v e a l i n g  no s i g n s  o f  p a r a s i t e s  i n  th e  aqueous  humour when 
s u b s e q u e n t l y  exam ined  m i c r o s c o p i c a l l y  r e v e a l e d  t h e i r  p r e s e n c e .
They a p p e a r  t o  be p h o to p h o b ic ,  and  h id e  b e h in d  th e  i r i s .  The 
f a c t  r e m a in s  t h a t  th e y  were o b s e rv e d  a t  t im e s .  So, th e  e v id e n c e  
i s  q u i t e  s t r o n g  t h a t  l i v i n g  mf. do n o t  s e c r e t e  a n  e x o t o x i n .  The 
t e c h n iq u e  h o ld s  o u t  f a s c i n a t i n g  p r o s p e c t s  f o r  f u t u r e  w ork .
P r o b a b ly  th e  m ost im p o r t a n t  o f  a l l  th e  e x p e r im e n t s  were 
th o s e  on man. The t o t a l  a b se n c e  o f  any  r e a c t i o n  w h a te v e r  when 
dead  m f. w ere  p l a c e d  u n d e r  th e  c o n j u n c t i v a  o f  p a t i e n t s  s u f f e r i n g  
from  o n c h o c e r c i a s i s  w i th  p o s i t i v e  c o n j u n c t i v a l  b i o p s i e s  b u t  
w i t h o u t  o c u l a r  l e s i o n s  c o u ld  n o t  have  b e e n  more s t r i k i n g ,  e s p e c i a l l y  
a s  we h a d  p r e v i o u s l y  d e m o n s t r a te d  w i th  s i m i l a r  d o sa g es  a  p a r t i c u l a r l y  
v i o l e n t  r e a c t i o n  i n  p a t i e n t s  who were n o t  s u f f e r i n g  f rom  oncho­
c e r c i a s i s ®  T h e re  i s  no q u e s t i o n  h e r e  t h a t  t h e  dead  m f. have  a  
p r im a ry  t o x i c i t y  i n  man, and  t h a t  i n  some i n f e c t e d  s u b j e c t s  a n
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immunity exists, however we may explain its formation,, It is a 
pity we did not carry out any experiment in patients exhibiting 
some of the manifestations of ocular onchocerciasis, but the 
reader no doubt understands our reluctance to do so. It is 
impossible to be sure that a state of tolerance has arisen; it 
need not necessarily have been reached even in a blind onchocercal 
eye, so we argued; to produce an endophthalmitis leading to great 
pain and total destruction of the eye was a prospect unpleasant to 
contemplate and ethically indefensible; eyes with previous 
lesions might even be hypersensitive; we have no human evidence 
precluding this, although it seems unlikely.
The local ocular immunity demonstrated in man could not be 
explained by any of the animal experiments; in the latter we only 
demonstrated the development of such an immunity with repeated 
infections, each in itself potentially a destructive one. One 
assumes that it all depends upon the weight of the initial infections. 
The death of a single mf. in the eye might lead to little or no 
visible evidence of an inflammatory reaction ever having occurred, 
yet might lead to partial immunity; on the other hand, if, as in 
our experiments, a number of parasites happened to die in the 
eye simultaneously on the first occasion, then an ocular crisis 
would almost certainly result. This is given indirect support 
by the fact that we frequently noted in the course of routine 
examinations with the slit lamp the relation of living mf.
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i n  c o n j u n c t i v a l  b i o p s i e s ,  o r  i n  th e  a n t e r i o r  cham ber,  w i t h  o n ly  
vexy m in o r  s ig n s  o f  d i s e a s e ;  a  common one was t h e  p r e s e n c e  o f  
p igm ent g r a n u l e s  on t h e  a n t e r i o r  l e n s  c a p s u le  i n  young  p e r s o n s ,  
o r  o f  a  s m a l l  q u i e s c e n t  tongue  o f  pannus o n c h o c e r c o s u s .  These 
a r e  i n t e r e s t i n g  c o n j e c t u r e s ,  which c a n n o t  be p r o v e d  u n t i l  th e  
t o x i c  p r o d u c t  o f  t h e  dead  mf*, e v i d e n t l y  d e s t r o y e d  by h e a t ,  
a c e t o n e ,  an d  t r i c h l o r a c e t i c  a c i d ,  i s  i d e n t i f i e d ,  i s o l a t e d  and  
t e s t e d  f u r t h e r .  T h a t  t o l e r a n c e  o f  th e  ty p e  we d e m o n s t r a t e d  i n  
r a b b i t s  o c c u rs  i n  man, we have no d o u b ts ;  we b e l i e v e  i t  to  be 
w id e s p re a d  and  common* Where i n t r a o c u l a r  m f. i n  a  s u b j e c t  w i th  
a n  o c u la r  l e s i o n  a r e  k i l l e d  by d i e t h y l c a r b a m a z i n e ,  t h e r e  i s  n o t  
a lw ays a r e c r u d e s c e n c e  o f  symptoms. The l i t e r a t u r e  i s  f u l l  o f  
such  a p p a r e n t  c o n t r a d i c t i o n s ;  h e re  i s  th e  e x p l a n a t i o n  -  t h e s e  
p a t i e n t s  have a c q u i r e d  a p a r t i a l  im m unity .
The m ic r o s c o p ic  a p p e a r a n c e s  o f  t h e  e x p e r im e n ta l  ey e s  
s u p p ly  a  few  o t h e r  f a c t s  w orth  e m p h a s iz in g .  One i s  t h a t  th e  a c u t e  
phase  i s  c h a r a c t e r i s e d  by th e  p re s e n c e  o f  e o s i n o p h i l  l e u c o c y te s *  
T h e i r  e x a c t  r e l a t i o n s h i p  t o  th e  dead  mf. was b e t t e r  u n d e r s to o d  
i n  th e  human m a t e r i a l  we s t u d i e d ,  a n d  w i l l  be  g iv e n  l a t e r  i n  
P a r t  I Y .  A n o th e r  p o i n t  o f  im p o r ta n c e  i s  t h a t  th e  d i s s o l u t i o n  
o f  th e  p a r a s i t e s  i s  n o t  a s s o c i a t e d  w i th  t h e  p r e s e n c e  o f  m acrophages 
o r  g i a n t  c e l l s ,  which i s  s u r p r i s i n g ,  and  w arned  u s ' t o  lo o k  f o r  
o t h e r  ev id e n c e  o f  mf. d i s s o l u t i o n  when we came to  exam ine th e  
human eyes*
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A n o th e r  p o i n t  i s  t h a t  th e  n a tu r e  o f  t h e  i n f i l t r a t e  
changes  r a p i d l y  from  one i n  w hich e o s i n o p h i l  l e u c o c y t e s  dom inate  
t o  one where p lasm a c e l l s  a r e  p r e s e n t  i n  g r e a t  n u m b ers0 T h is  
c o n f i rm s  th e  b e l i e f  t h a t  t h e  a c u t e  phase  i s  s h o r t *  The 
deve lopm ent o f  p a n n u s ,  h u g g in g  th e  u n d e r s u r f a c e  o f  t h e  e p i t h e l i u m ,  
com parab le  to  i t s  c h a r a c t e r i s t i c  p o s i t i o n  i n  th e  human ey e ,  i s  
r a t h e r  d i f f i c u l t  t o  u n d e r s t a n d .  Why t h i s  p r e f e r e n c e  f o r  Bowman's 
zone? We h a d  a lw ay s  s u p p o s e d  t h a t  the  s i t u a t i o n  o f  pannus 
onch o cerco su s  i n  m an 's  eye  b e tw e en  Bowman* s membrane an d  th e  
e p i t h e l i u m  depended  on th e  f a c t  t h a t  th e  mf. p r e f e r e n t i a l l y  
p a s s e d  i n  t h a t  d i r e c t i o n  a s  b e in g  th e  lo c u s  minimae r e s i s t e n t i a e ,  
and  on d y in g  t h e r e  l e d  t o  pannus  f o r m a t io n .  But h e re  we p l a c e d  
dead mf. i n  th e  eye  o f  th e  r a b b i t  e i t h e r  s u b c o n j u n c t i v a l l y  o r  
i n t o  th e  c o m e a l  s t r o m a ,  n o t  n e c e s s a r i l y  j u s t  u n d e r n e a th  th e  
e p i t h e l i u m  -  th e  t e c h n i q u e  c o u ld  n o t  be a s  a c c u r a t e  a s  t h a t ;  y e t  
the  new c a p i l l a r i e s  a lw ays  p a s s e d  be tw een  Bowman's zone a n d  t h e '  
e p i t h e l i u m .  T here  may be some s im p le  e x p l a n a t i o n  o f  t h i s  
phenomenon which h a s  e s c a p e d  ou r  a t t e n t i o n .
A n o th e r  i n t e r e s t i n g  f e a t u r e  which em erged  from  t h e s e
s t u d i e s  o f  th e  h i s t o - p a t h o l o g y  was the p r e s e n c e  o f  i n t e r s t i t i a l
deep
k e r a t i t i s  i n  a r e a s  aKbgmsendx: to  th e  s i t e  o f  th e  i n j e c t i o n .  As 
the  s i t e  c o u ld  be l o c a l i s e d  a c c u r a t e l y  by th e  c o r n e a l  wound 
t h e r e  c an  be nd doub t  o f  t h i s .  Our a s s u m p t io n  t h a t  t o x in s  
e m a n a tin g  from  th e  dead  p a r a s i t e s  d i f f u s e  th ro u g h  th e  c o rn e a  and  
l e a d  to  t h e s e  l o c a l i s e d  p a t c h e s  o f  in f la m m a t io n  seems a  r e a s o n a b le
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o n e .  The same a rg u m e n t  w ould  e x p l a i n  th e  o n s e t  o f  a  s c l e r o s i n g  
k e r a t i t i s  f o l l o w i n g  r e p e a t e d  a t t a c k s  o f  e x p e r i m e n t a l  l i m b i t i s .
I n  a l l  r e s p e c t s  th e  m ic r o s c o p ic  a p p e a r a n c e s  o f  t h e  
e x p e r im e n ta l  e y e s  d o v e t a i l  w e l l  w i th  t h o s e  fo u n d  i n  t h e  human, 
p r o v id e d  i t  i s  n o t  f o r g o t t e n  t h a t  on th e  w hole  t h e  a n im a l  e y e s  
were e x c i s e d  d u r in g  o r  a t  t h e  end  o f  th e  a c u t e  p h a s e  and  th e  
human a t  th e  b e g in n i n g  o r  d u r i n g  th e  c h r o n i c  p h ase#  Where we 
d id  o b t a i n  a n  a c u t e  eye i n  th e  human th e  p i c t u r e s  c o r r e s p o n d e d ,  
th e  o p p o s i t e  a l s o  b e in g  t r u e .
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CONCLUSIONS
1 .  The in f la m m a to ry  r e a c t i o n  i n  o c u l a r  o n c h o c e r c i a s i s  i s  
a  p r im a ry  i n t o x i c a t i o n  d e p e n d in g  on th e  p r e s e n c e  o f  dead  mf •
The u n s e n s i t i s e d  eye i s  h i g h l y  s u s c e p t i b l e »
2 .  L i v i n g  mf. may c a u se  s l i g h t  i r r i t a t i o n  w i th  a  
c o r r e s p o n d in g l y  s l i g h t  an d  t r a n s i e n t  i n f  lam ina tion , p r o b a b ly  
when th e  l o c a l  c y t o a r c h i t e c t u r e  ham pers  them i n  t h e i r  m ovem ents.
3 * I t  i s  a lm o s t  c e r t a i n  t h a t  th e  t o x i n s  d i f f u s e  f ro m  t h e  
p r im a ry  f o c u s  t o  n e ig h b o u r in g  t i s s u e s .  I n v o lv e m e n t  o f  t h e  
i n t e r s t i t i a l  c o r n e a l  s trom a  and  th e  c i l i a r y  body can  o n ly  be 
e x p la in e d  i n  t h i s  way i n  th e  e x p e r i m e n t a l  e y e s .
4* Some human eyes  were fo u n d  t o  be immune t o  t h e  mf. t o x i n  
o r  t o x i n s .  O th e r  eyes  a p p e a r e d  to  have  a  p a r t i a l  t o l e r a n c e .  I t  
i s  s u g g e s t e d  t h a t  l o c a l  imm unity c a n  a r i s e  i n  th e  eye i f  th e  
number o f  mf. w hich d i e s  i n  th e  eye on th e  f i r s t  few  o c c a s io n s  
i s  low . I n  e y e s  a p p a r e n t l y  immune t h e r e  c a n  u s u a l l y  be fo u n d  
e v id e n c e  o f  a  s l i g h t  in f la m m a to ry  r e a c t i o n  h a v in g  o c c u r r e d  i n  
th e  p a s t ,  w h ich  le n d s  s u p p o r t  t o  t h i s  h y p o t h e s i s .  I n  s u p p o r t  
o f  t h e  c la im  t h a t  a n  a c q u i r e d  p a r t i a l  t o l e r a n c e  o c c u rs  th e  u s u a l  
c l i n i c a l  h i s t o r y  o f  th e  d i s e a s e  -  a  few  a c u te  a t t a c k s  becom ing  
l e s s  f r e q u e n t  a n d  l e s s  a c u te  u n t i l  i n f l a m m a t io n  i s  m i ld  a n d  
c h ro n ic  e v e n  i n  e y e s  s t i l l  h e a v i l y  i n v a d e d  -  f u l l y  s u p p o r t s  
t h i s  v iew .
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5* H y p e r s e n s i t iv it y  to  the mf* does n o t appear to  o c c u r .
We were u n ab le  to  dem onstrate i n  e x p er im en ta l an im als the  
p resen ce  o f  a n t ib o d ie s  by a c t iv e  t r a n s f e r .  I n tr a o c u la r  p a s s iv e  
t r a n s f e r  was im p o ss ib le  becau se  human serum a c t s  a s  a f o r e ig n  
p r o t e in .
6 . I t  i s  g e n e r a lly  b e l ie v e d  th a t  the s k in  becomes hyper­
s e n s i t iv e  to  mf. v o lv u lu s .  There i s  no e v id e n c e , how ever, 
oth er  than  e q u iv o c a l,  to  show th a t  the r e a c t io n  i n  t h i s  s t r u c t u r e ,  
su p p osed ly  s e n s i t i s e d ,  i s  any g r e a te r  than  i t  i s  in  a prim ary  
i n f e c t io n .  S ig n s  a t t r ib u t e d  to  a l l e r g y  when a m ic r o f i la r ic id e  
i s  g iv en  i n  dermal o n c h o c e r c ia s is  m ight e q u a lly  w e l l  o ccu r  a s  
the r e s u l t  o f  a primary in t o x ic a t io n ,  e s p e c ia l ly  when so  many 
p a r a s it e s  are  b e in g  s im u lta n eo u sly  k i l l e d .  Among the s ig n s  to  
which we r e f e r  are headache, a r t h r a lg ia ,  r a is e d  tem p eratu re , 
r e a c t io n  to  a n t ih is ta m in e s  and even  oedema. The t r a n s ie n t  
e o s in o p h il ia  w hich r e s u l t s  cannot be u se d  a s  ev id en ce  o f  a l l e r g y  
as we a r e  d e a l in g  w ith  a f i l a r i a l  i n f e s t a t i o n  anyway.
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*T h is i s  th e  o n ly  p a r t o f  the t h e s i s  which has p r e v io u s ly  been  
p u b lish e d  (R odger, P .O ., 1958* B r i t .  J .  O p h th a l., _42, 2 1 ) .
I t  i s  in c lu d e d  so  th a t  a l l  a s p e c ts  o f  th e  p a th o g e n e s is  may be 
c o n s id er e d  to g e th e r . I t  i s  a r e v is e d  v e r s io n  o f  the o r ig i n a l .
GENERAL INDICATIONS
The p o s t e r io r  l e s i o n  i s  th e  m ost i n t e r e s t i n g  mani­
f e s t a t i o n  o f  o n c h o c e r c ia s is  b ecau se  i t  i s  the l e a s t  u n d e r s to o d .
1
B ryant , a f t e r  a c o n v e r sa t io n  w ith  the B e lg ia n  w orker, H i s s e t t e ,  
reach ed  th e  c o n c lu s io n  th a t  a p r o g r e s s iv e  c h o r i o - r e t i n i t i s  w hich
he had se e n  i n  th e  Sudan was cau sed  by o n c h o c e r c ia s is .  T h is
2 3 4o p in io n , l a t e r  supp orted  by H is s e t t e  and by R ich e t , has s in c e
been confirm ed  by the o b se r v a tio n s  o f  many o th er  w ork ers. The
cu rren t v iew  when the w r ite r  s t a r t e d  was th a t  the cau se  o f  the
c o n d it io n  i s  in v a s io n  o f  the c h o ro id  by the p a r a s it e s  and t h e ir
d eath . B ryant produced h i s t o l o g i c a l  e v id en ce  o f t h i s .  H is
b e l i e f  was g iv en  some supp ort by the f in d in g  o f  m ic r o f i la r ia e  i n
5 2the ch o ro id  by O choterena and H is s e t t e  ; one au top sy  c a se  w ith  
s e v e r a l  m f• i n  or a d ja c en t to  t h i s  t i s s u e  was a l s o  r e p o r te d  by 
Hughes^.
When we s ta r t e d  our in v e s t ig a t io n s  in t o  o n c h o c e r c ia s is  
in  West A fr ic a  we v i s i t e d  f i r s t  a v ery  h e a v i ly  endemic a rea  i n  
the N orthern  T e r r it o r ie s  o f Ghana. There many exam ples o f  the  
p o s te r io r  segm en ta l l e s i o n  were fou n d , and n e a r ly  a l l  o f  them 
(a s  i t  was a h e a v i ly  endemic area) i n  d e n se ly  in f e s t e d  s u b j e c t s .  
S u b seq u en tly , how ever, we surveyed  N orthern  N ig e r ia ,  and h e r e , i n  
a reas o f  l i g h t  e n d e m ic ity , the in c id e n c e  was p a r a d o x ic a lly  h ig h e r .  
H aving e v o lv e d  by t h is  tim e an in d ex  o f the d e n s ity  o f  i n f e c t io n
•7
in  the in d iv id u a l  (Rodger and B row n '), the in d ex  f ig u r e s  were
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compare d i n  c a s e s  o f  a n t e r i o r  an d  p o s t e r i o r  l e s i o n s  i n  N ig e r i a *  
The r e s u l t s  were e x t r e m e ly  i n t e r e s t i n g .  W hereas  th e  mean
I n d i v i d u a l  D e n s i ty  F ig u r e  f o r  t h e  a n t e r i o r  l e s i o n  was a b o u t  26 ,
i t  was 11 f o r  th e  ty p e  o f  p o s t e r i o r  l e s i o n  u n d e r  d i s c u s s i o n ;  
f o u r  c a s e s  h a d  s t e r i l e  s k i n s  and  c o n j u n c t i v a ,  an d  o f  t h e s e  two 
had  no n o d u le s  a l t h o u g h  th e  l e s i o n s  were c h a r a c t e r i s t i c .  T h is  
r a i s e d  a  p rob lem  o f  p a t h o g e n e s i s ,  f o r  i t  no l o n g e r  a p p e a r e d  so  
c e r t a i n  t h a t  th e  c a u s e  o f  t h e  c o n d i t i o n  was a n  in f l a m m a t io n  
a r i s i n g  a ro u n d  th e  dead  b o d i e s  of  mf. i n  th e  t i s s u e s  c o n c e rn e d . '
I n  the  h e a v i l y  endem ic a r e a s  o f  Ghana we se ldom  saw th e  p o s t e r i o r  
l e s i o n  e x c e p t  i n  a s s o c i a t i o n  w i th  a n  a n t e r i o r  l e s i o n ,  b u t  i n  
N i g e r i a  t h i s  was f a r  from  b e i n g  t r u e ;  jfo o f  165 r e c o r d e d  c a s e s  
were a s s o c i a t e d  w i t h  a  s c l e r o s i n g  k e r a t i t i s ,  2jfo w i t h  a  k e r a t o -  
u v e i t i s ,  and  9$  w i th  a n  a n t e r i o r  u v e i t i s ;  80f t ,  i n  s h o r t ,  were n o t  
a s s o c i a t e d  w i t h  a n t e r i o r  l e s i o n s .  A no the r  f a c t o r  w hich  s u g g e s t e d  
t h a t  t h e r e  m igh t  be more t o  th e  p a th o g e n e s i s  th a n  th e  a c c e p t e d  
view  c o n c e rn e d  th e  a v e ra g e  number o f  n o d u le  s i t e s  i n  th e  d i f f e r e n t  
ty p es  o f  l e s i o n .  Where th e  p o s t e r i o r  l e s i o n  o c c u r r e d  a lo n e ,  th e  
av e ra g e  number ( n o d u le  mean) was 0 .9?  when th e  p o s t e r i o r  l e s i o n  
was combined w i th  th e  a n t e r i o r  se g m e n ta l  l e s i o n  i n  th e  same
g e o g r a p h ic a l  a r e a s  th e  a v e ra g e  was 2 .0 ;  w i th  a n t e r i o r  seg m en ta l
l e s i o n s  a lo n e ,  i t  was a s  g r e a t  a s  2 .6 .  The p o s s i b i l i t y  t h a t  
a n o t h e r  f a c t o r  m i ^ i t  be i n v o lv e d  th u s  g a in e d  s t r e n g t h .  T h is  
v iew  was l e n t  f u r t h e r  s u p p o r t  when i t  was o b s e rv e d  t h a t  i n  h i g h -  
f o r e s t  a r e a s  (w here  o n c h o c e r c i a s i s  i s  common a l t h o u g h  n o t  s e v e re )
no p o s t e r io r  l e s io n s  were d is c o v e r e d , whereas i n  th e  N orthern  
sc ru b , even i n  a rea s  w ith  eq u a l d e n s ity  q u o t ie n t s , the p o s t e r io r  
l e s i o n  was ex trem ely  common. For th ese  r e a so n s , th e r e f o r e ,  i t  
was con clu d ed  th a t  a lth o u g h  o n c h o c e r c ia s is  p la y s  some p a r t in  
p rod u cin g  t h is  l e s i o n ,  a s  i t  has n o t been r e p o r te d  from p la c e s  
o u ts id e  the endem ic o n c h o c e r c ia s is  a r e a s , a n o th er  f a c t o r  or 
fa c to r s  must be so u g h t.
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DISCUSSION OF CLINICAL FEATURES
The d i f f e r e n t  d is e a s e s  w hich b ear  some resem blance to  
the p o s t e r io r  d e g e n e r a tiv e  l e s i o n  o f  o n c h o c e r c ia s is  s u g g e s t  th a t  
i t  i s  n o t  e a sy  to  d ia g n o se . Most w orkers have em phasized  th e  
v a r ie t y  o f  appearances o f  th e  l e s i o n  i t s e l f .  W ith th e  r e c o g n it io n  
of an exogenous c h o r i o - r e t i n i t i s  o f  o n ch o cerca l o r ig in  (R odger ) ,  
d i s t i n c t  from th e d e g e n e r a tiv e  l e s i o n ,  th e  d ia g n o s t ic  f e a t u r e s  
become somewhat c le a r e r .  No a u th o r  th a t  we are aware o f  has so  
fa r  a ttem p ted  to  d isc u ss  the d i f f e r e n t  c o n f l i c t i n g  d e s c r ip t io n s ,  
and i t  would now seem worth w h ile  to  do so  b r i e f l y .  I t  w i l l  be 
most u s e f u l  when d e s c r ib in g  th e  p a th o lo g y .
The d e s c r ip t io n  w ith  which we are  most i n  agreem ent i s
th a t o f  R id le y ^ , who d e sc r ib e d  the l e s i o n  in  i t s  advanced c o n d it io n ,
w ith  or w ith o u t the co rp u scu la r  a g g r e g a tio n  o f r e t in a l  pigm ent a t
the p e r ip h e r y . R id ley  does n ot em phasize sh e a th in g  o f  th e  r e t i n a l
10v e s s e l s ,  an o b se r v a tio n  on which S a r k ie s  and T ou lant and  
11B o ith ia s  l a id  grea t s t r e s s .  I n  our v iew  i t  i s  n o t a s p e c i f i c  
s ig n  o f  the d is e a s e ,  b e in g  more common i n  l u e t i c  c o n d it io n s .
S a rk ies  d e sc r ib e d  what he c o n s id er e d  to  be an e a r ly  c a se  o f  th e  
l e s io n  i n  a sc h o o lb o y , as a very  s l i ^ i t ,  patchy  in c r e a s e  o f  p ig ­
m en ta tion  i n  the m acular area  a s s o c ia t e d  w ith  in te r v e n in g  l i g h t e r  
a r e a s , s u g g e s t in g  th a t the s c le r a  was s h in in g  through an  a tr o p h ic  
r e t in a .  T h is seem s r a th er  s le n d e r  ev id en ce  on which to  d iagn ose  
the p o s t e r io r  segm ental l e s i o n .  S a r k ie s  went on to  sa y  th a t  no
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in te r m e d ia te  s ta g e  betw een th a t  p ic tu r e  and the advanced appearance
was s e e n , and added th a t  on ly  one o f  h i s  advanced c a s e s  resem b led
the d e s c r ip t io n  g iv e n  by R id le y , T h is i s  d i f f i c u l t  to  e x p la in
u n le s s  on the b a s is  th a t  c o n fu s io n  has e x is t e d  a s  a r e s u l t  o f  th e
p o s t e r io r  e x u d a tiv e  u v e i t i s  o f  o n c h o c e r c ia s is ,  common where
S a r k ie s  worked i n  Ghana i n  an a rea  w ith  a h ig h  d e n s ity  q u o t ie n t .
As t h is  i s  a n o n - s p e c if ic  in flam m atory  u v e i t i s ,  i t  b ea rs  o n ly  a
s l i g h t  s im i la r i t y  to  what we have c a l l e d  the p o s t e r io r  d e g e n e r a tiv e
le s io n  o f  o n c h o c e r c ia s is .  R id le y ’ s d e s c r ip t io n  i s  b ased  on
tw elve c a s e s  he saw in  a v i l l a g e  c a l l e d  F un si in  N orthern  Ghana,
This v i l l a g e  i s  i s o l a t e d ,  and the n u t r i t io n  o f the p eo p le  v ery
poor. We v i s i t e d  i t  seven  y e a r s  l a t e r  and saw te n  c a s e s ,  e ig h t
w ith  advanced d e g en era tiv e  l e s i o n s ,  and two in flam m atory . At
the advanced s ta g e ,  the d e g e n e r a tiv e  l e s i o n ,  i s ,  a s  R id le y  s a id ,
t y p ic a l .  The appearance i s  th a t  o f  a c ircu m scrib ed  c h o r o id a l
s c l e r o s i s ,  w ith  p e r ip h e r a l c o r p u s c u la t io n  o ccu rr in g  in  some
in s ta n c e s .  T h is i s  not a h y p o th e t ic a l  com b in ation , a s  R id le y
12rem arks. I t  was d esc r ib e d  by D uke-E lder , and l a t e r  by F a l l s  
and Cotterm an , in  g e n e t ic a l ly  determ ined  l e s i o n s .  The l a t t e r  
type o f  d e g e n e r a tio n  i s  ex trem ely  rare  i n  the non-Moslem a r e a s  o f  
A fr ic a , how ever, i f  i t  occurs a t  a l l ,
H is s e t t e  and Bryant a l s o  appear to  have co n fu sed  th e  
in flam m atory w ith  th e  d eg e n e r a tiv e  ty p e . For exam ple, b o th  
workers m ention  th a t  p laques o f  c h o r o id a l atrophy r e v e a l in g  w h ite  
s c le r a  are  o f t e n  se e n , whereas i n  our v iew  t h is  i s  rare  i n  the
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d e g e n e r a tiv e  ty p e . H is s e t t e  d e s c r ib e s  photophobia and  
la c r im a t io n  a s  p a r t  o f  th e  sym ptom atolo^r, which i s  so m eth in g  we 
o u r s e lv e s  n ever  ob serv ed . He a l s o  sa y s  th a t  the l e s i o n  i s  a 
l a t e  symptom o f  o n c h o c e r c ia s is ,  w hereas i n  our own c a s e s  i t  
appeared to  be th e  o p p o s ite , the m ost common age group b e in g  20 
to  50 y e a r s .  H is s e t t e  f in d s  d i f f i c u l t y  in  d e c id in g  w hether  
cupping o f  the d i s c ,  which i s  fr e q u e n t , i s  a tr o p h ic  or  g laucom atous, 
because i n  many c a se s  the cupping e x a c t ly  s im u la te s  th e  glaucom atous  
ty p e . A secon d ary  glaucoma was common in  our c a se s  o f  o n ch o cerca l  
e x u d a tiv e  u v e i t i s ,  but glaucom atous cupping was n ever  s e e n  i n  the  
d e g en era tiv e  l e s i o n ,  a lth o u g h  a tr o p h ic  cupping was u s u a l i n  lo n g ­
s ta n d in g  c a s e s .  H is s e t t e  a l s o  remarks on the fr e q u e n t  in c id e n c e  
o f c o l l o id  b o d ie s ,  which we found to  be more common i n  the
inflam m atory than i n  the g e n e r a tiv e  ty p e .
1 4T o u la n t, R obineau, and P u yu elo  a l s o  appear to  have  
been co n fu sed  by the m u l t i p l i c i t y  and d iv e r s i t y  o f  th e  l e s i o n s .
We have n ev er  se en  th e  r e t in a l  haem orrhages nor the c o l l o i d  b o d ie s  
which T ou lant d e sc r ib e s  a t  the p o s t e r io r  p o le  save i n  the  
inflam m atory c o n d it io n . Nor i s  i t  c le a r  what he means when he 
says th a t  he has n ever n oted  the t a p e t o - r e t in a l  d e g e n e r a tio n , 
s o - c a l l e d  by R id le y , u n le s s  th ere  i s  some c o n fu s io n  h ere i n  th e  
n om enclature. T h is term w e l l  d e s c r ib e s  what i s  th e  most 
c h a r a c t e r is t ic  s ta g e  o f  the d is e a s e .  T oulant and B o ith ia s  
q u a l i f i e d  t h is  s ta tem en t l a t e r  by s a y in g  th a t  a secon dary r e t i n i t i s  
pigm entosa i s  s e e n  but i s  r a r e , o n ly  th ree  c a se s  h av in g  been
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re  corded  i n  the cou rse  o f  s e v e r a l  y e a r s 1 work; t h is  i s  n o t our  
e x p e r ie n c e . One s ig n i f i c a n t  remark o f  t h e ir s  i s  th a t  a  
j u x ta p a p il la r y  c h o r i o - r e t i n i t i s  i s  a fr e q u e n t f in d in g .  T h is i s  
our own v ie w , th e  l e s i o n  u s u a l ly  f i r s t  a p p ea r in g  i n  such  a  
p o s i t io n .  T ou lant and h is  c o l le a g u e s ,  who have produced much 
f in e  work on t h i s  s u b j e c t ,  d isa g r e e  w ith  H is s e t t e  over  th e  
sym ptom atology, and are  in  g e n e r a l agreem ent w ith  o th e r  w orkers 
th a t i t  r e s t s  e n t ir e ly  on the p resen ce  o f  h em era lop ia .
A l l  th e se  p o in ts  su g g e s t  th a t  the v a r ia b le  ap p earan ces  
o f the l e s i o n  so  em phasized by H i s s e t t e ,  B ryant and the -o th ers  
were due to  a la c k  o f  u n d ersta n d in g  th a t  we a re  d e a l in g  w ith  two 
c o n d it io n s . I n  f a c t ,  the form er worker s t a t e d  th a t  he fou n d  i t  
im p o ss ib le  to  su g g e s t  a p a th o g e n e s is  to  cover  the many a s p e c ts  
o f the d is e a s e ;  he was n o t h e lp e d , o f  c o u r se , i n  th a t  the  
p a th o lo g ic a l  m a te r ia l o b ta in a b le  a t  the tim e was e x trem ely  s m a ll .  
Both H is s e t t e  and B ryan t, n e v e r th e le s s ,  must be g iv en  e v e ry  c r e d it  
f o r  b e in g  th e  f i r s t  to  d e sc r ib e  th e  ch an ges.
■-■i c-'ih;!:: . Jo  e :>r:.L , 
?. r . 1 f/'
’±  6 - lK f
TABLE I
Average d a ily  n u tr ie n t  in tak e  o f a d u lt male N ig er
d if fe r e n t  a r e a s , 1954 -  195<
Lan p e a sa n ts
S*
i n  fo u r
Croup A B C D
Occupation ■'arming and 3 
F ish in g
farming Farming Farm ing
■
Area I3anks o f lake 
Chad,
Sahel savann^i
B unga-N ingi, 
Bauchi Prov. 
Sudan savannah
L an ga i, n r . 
Panyam. 
P la te a u  prov.
M banege, Ogoja, > 
R ain  fo rest
Lesions tfo Onchocer­
c ia s i s  & no 
P o s te r io r  
L esion
O nchocercia­
s i s  and 
P o s te r io r  
L esio n
O n ch ocerc ia ­
s i s  and 
P o s t e r io r  
L e s io n
Onchocerciasis 
b u t no Posterior 
L e s io n
C alories 3,000 2,900 2 ,6 0 0 2,400  J
_ , . Animal ( g.)  P rotein  ' 29 11 15
3 !l 
- — --------- 1
V egetable ( g .) 78 84 81
Pat ( g .) 37 40 45 51_____ J
Calcium (n g .) 1,390 880 CT
s
ro 640 I
Iron (^g*> 56 37 30 23
\Titamin A ooCM 4,240 4 ,1 0 0 11,900___^
Thiamine ( mg.' 3 .6 2 .9 2 .3 2.1
R ib oflav in  (mg. ) 1.1 1 .4 1 .3 1.0
N ic o tin ic  Acid (mg. ) 27 24 24 16
A scorbic Uncooked (m s. '=*•
CM 133 43 3 1 6 ___ ^
Acid „ . , /Cooked (mg. ) 12 44 12 54___^
*These fo u r  a r e a s  c o rre sp o n d  w ith  th o se  i n  w h ich  we w o rk e d , The
ca se s  q u o ted  i n  T ab les I I  and I I I  come from  A rea  C . The 
in ta k e s  were m easured by m ethods d e s c r ib e d  by  N ic o l  (1 9 5 6 )  •
SOMS NEW OBSERVATIONS RELEVANT TO THE PATHOGENESIS
The absen ce o f  the p o s t e r io r  d e g e n e r a tiv e  l e s i o n  o f  
o n c h o c e r c ia s is  ob served  by us i n  "West A fr ic a  i n  r e g io n s  where 
the d i e t  c o n ta in s  a la r g e  amount o f  v ita m in  A i s  b e l ie v e d  t o  be 
h ig h ly  s ig n i f i c a n t  (T ab le 1 ) .  An a ttem p t was made to  a s c e r t a in ,  
both  by a s s a y s  and by c l i n i c a l  t r i a l s ,  w hether v ita m in  A d e f ic ie n c y  
was im p lic a te d  or n o t .  I n  a r u r a l community in  the P la te a u  
p ro v in ce  o f  N orth  N ig e r ia ,  where the in ta k e  o f  v ita m in  A was m arg in a l, 
the se r a  o f  s e v e r a l  c a se s  were a s s a y e d . A l l  the s u b je c t s  came 
from n e ig h b o u r in g  v i l l a g e s  e x c e p t  th e  l a s t  ( S e r ia l  No. 1 ,2 9 1 ) o 
One p a t ie n t  had d isc ifo r m  d e g e n e r a tio n  and an o th er  had s y p h i l i t i c  
c h o r i o - r e t i n i t i s .  Table I I  shows th a t  the two n o n -o n c h o c e r c ia s is  
c a se s  had a m arginal l e v e l  o f  v ita m in  A, whereas on ly  one o f  th e  
p o s t e r io r  l e s i o n  c a se s  ( S e r ia l  No. 1 ,2 9 1 ) co u ld  be p la c e d  i n  th a t  
c a te g o r y . The l a s t  p a t ie n t  was exam ined a t  a d i f f e r e n t  tim e o f  
y e a r , when v ita m in  A i n  p le n ty  had reappeared  in  th e  d i e t ,  and  
t h i s  o f f e r s  a ready e x p la n a tio n  o f  the anom aly.
The s i t u a t io n  a t  t h i s  p o in t  may be summarized a s
fo l lo w s :
(1 )  The p o s t e r io r  segm ental l e s i o n  i s  found in  s u b je c t s  w ith  
a low  I .D .F .  (mean I .D .F . 1 1 ) ,  bu t i s  n o t found i n  non­
o n c h o c e r c ia s is  a r e a s .
(2 )  C ases w ith  the p o s te r io r  l e s i o n  have a low  nodule mean 
( 0 . 9 ) .
(3 )  The p o s t e r io r  l e s io n  i s  not found in  a r e a s  where an  
abundance o f  v ita m in  A i s  p r e sen t i n  the d i e t .
TABLE I I
S e r ia l  No.
V itam in  A 
( i .u . / lO O  m l. 
plasma)
L e s io n
773 88 D isc ifo r m  d e g e n e r a tio n  
o f  m acula
829 30 P .S .L .
830 10 P .S .L .
831 10 P .S .L .
845 20 P .S .L .
872 25 P .S .L .
879 80 S y p h i l i t i c  c h o r io -  
r e t i n i t i s
883 45 P .S .L .
900 20 P .S .L .
1 ,029 42 P .S .L .
1,291 88 P .S .L .
A v a lu e  o f  v ita m in  A Below 70 i . u .  p er  100 m l. 
plasma i s  taken  a s  sub-norm al.
TABLE I I I
V is u a l  A c u ity
L e s io n
Improvem ent
i n
V is u a l
A c u ity
S e r i a l
No.
B e f o re  
T re a tm e n t
A f t e r  
One Week
A f t e r  
One M onth
R L R L R L
772 H.M. C .P . 6 /3 6 6 /3 6 6 /3 6 6 /1 2 P .S .L . Y es
789 6 /2 4 6 /2 4 6 /1 8 6 /1 8 6 /1 8 6 /18 P .S .L . Yes
829 6 /6 0 6 /6 0 6 /2 4 6 /1 2 6 /1 2 6 /1 2 P .S .L . Yes
00 O H.M. H.M. 6 /60 6 /  60 6 /60 6 /6 0 P .S .L . Yes
851 G .F . C .P . No change P .S .L . No
837 6 /9 6 /9 No change 6 /1 2 6 /12 S y p h i l i t i c  n e u ro ­
r e t i n i t i s
W orse
845 H.M. H.M. 6 /6 0 6 /6 0 6 /60 6/60 P .S .L . Yes
924 6 /3 6 H.M. No change D is c ifo rm  d e g e n e r a t i o n  o f  m acula j" No
930 H.M. H.M. No change D is c ifo rm  d e g e n e r 
a t i o n  o f  m acu la " No
1 ,291 6/60 6 /6 0 6 /36 6 /1 8 6 /18 6 /1 8 P .S .L . Yes
1 ,3 0 6 6/36 H.M. No change D id  n o t  r e t u r n P .S .L . No
1 ,3 3 8 6 /3 6 6/36 6 /9 6 /6 6 /6 6 /6 P .S .L . Yes
Treatm ent c o n s is t e d  o f  165 ,000  i . u .  v ita m in  A d a i ly ,  
p r e s c r ib e d  a s  5 c a p s u le s  Grooke’ s  v ita m in  A*
- 5 7 -
(4 )  was e s ta b l i s h e d  i n  a group o f  s u b je c t s  i n  an a rea
w here th e  in ta k e  o f  v i ta m in  A was (o n  E u ro p ean  s ta n d a r d s )  
m a r g in a l ,  t h a t  c a se s  e x h i b i t i n g  th e  l e s i o n  h ad  a  lo w e r  
q u a n t i t y  o f  v i ta m in  A i n  th e  p lasm a th a n  m igh t be e x p e c te d .
I t  seem ed r e a s o n a b le ,  th e n ,  to  c a r r y  o u t c l i n i c a l  
t r i a l s  w i th  m ass iv e  v i ta m in  A th e r a p y  to  a s c e r t a i n  w h e th e r  o r  n o t  
any  r e c o v e r y  i n  th e  v i s u a l  a c u i t y  o c c u r r e d .  D e ta i l s  o f  th e  
t r i a l s  a r e  g iv e n  i n  T ab le  I I I .
The la c k  o f  s u c c e s s  o f su c h  th e ra p y  i n  th e  c o n t r o l  c a s e s  
need  n o t  be em p h asized ; i t  was o n ly  t o  be e x p e c te d . I n  f o u r  
c a s e s  e x h i b i t i n g  th e  l e s i o n ,  th e  r e c o v e ry  o f  v i s i o n  c o u ld  be  
c l a s s i f i e d  a s  a lm o s t c o m p le te , and  i n  th r e e  a s  p a r t i a l .  When th e  
e f f e c t  o f  th e  th e ra p y  i s  a n a ly s e d ,  some i n t e r e s t i n g  f a c t s  em erg e . 
The b e s t  r e s u l t s  were n a t u r a l l y  o b ta in e d  i n  c a s e s  w i th  e a r l y  
l e s i o n s ,  i . e .  th o se  w ith  a  h i s t o r y  o f  n ig h t - b l i n d n e s s ,  who showed 
e a r l y  s c l e r o t i c  changes a ro u n d  th e  d i s c  w ith  o r  w i th o u t  oedema o r  
p ig m e n ta ry  d is tu r b a n c e  a t  th e  m acu la , b u t  p a r t i a l  s u c c e s s  c a n  be 
a t t a i n e d  even  when th e  o p h th a lm o sc o p ic  p i c t u r e  r e v e a ls  a  f a i r l y  
g ro s s  l e s i o n .  L i t t l e  o r  no im provem ent was a c h ie v e d  i n  two c a s e s  
w here p e r i p h e r a l  p ig m e n ta ry  c o r p u s c u la t io n  e x i s t e d ,  an d  th e  
im provem ent was s l i g h t  i n  th o se  where a t r o p h ic  cu p p in g  o f th e  d i s c  
was p r e s e n t ;  th e s e  two a p p e a ra n c e s  w ould seem to  be c o n t r a ­
i n d i c a t i o n s  to  th e r a p y .  I t  i s  d i f f i c u l t  i n  t h i s  s m a ll  s e r i e s  to  
g e n e r a l i z e  a s  to  when o r  when n o t  I t  i s  w o rth  w h ile  a t t e m p t in g  
t r e a tm e n t  w ith  v i ta m in  A, b u t  i t  may be s a i d  t h a t ,  w here th e  
v i s i b l e  c h o r o id a l  b lo o d  v e s s e l s  a r e  r e d  i n  c o lo u r ,  th e r e  l i e s  th e
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g r e a t e s t  hope o f reco v e r y 0 Gross m acular u p se t  and o p t ic
atrop h y  do n o t appear to  m i l i t a t e  a g a in s t  the ach ievem en t o f  
some im provem ent. The e f f e c t  o f th e se  m assive  d o ses  o f  v ita m in  
A was dram atic i n  some c a se s  and produced q u ite  a s e n s a t io n  in  
the v i l l a g e  concern ed . For exam ple, one man (829) who had 
tak en  to  b e g g in g , retu rn ed  to  h i s  farm , and when we v i s i t e d  the  
v i l l a g e  a y e a r  l a t e r  during the r a in s  when the farm ers were busy  
in  t h e ir  f i e l d s ,  he was w orking h a p p ily  among them. A n other  
c a se  ( 772) ,  who had been co m p le te ly  b l in d ,  retu rn ed  to  m arket as  
a p e t t y  tr a d e r , where he would c e r t a in ly  need to  u se  h i s  e y e s .
A t h ir d  ( 1 ,2 9 1 ) ,  gardener to  a European, who was w itn e ss  to  h is  
v i s u a l  r e c o v e r y , gained  a new le a s e  on h i s  jo b .
Where p o s s ib le ,  we c o n t r o l le d  the degree o f  the  
h em eralop ia  w ith  a p o r ta b le  dark ad ap tom eter. The s e t  was 
s ta n d a r d iz e d  on an a r b itr a r y  s c a le  a t  a f ig u r e  f o r  normal e y es  
o f  2 .2  a f t e r  30 m inutes in  t o t a l  d a rk n ess . I n  e a r ly  c a s e s  the  
f ig u r e  o b ta in ed  la y  betw een 4 and 5; i n  some c a ses  the b r ig h tn e s s  
o f  th e  f l a s h  had to  be doubled b e fo re  i t  was seen ; i n  o th e r s  
(e v e n  a few  o f  the e a r ly  c a ses)  the t e s t  co u ld  n o t be perform ed  
a t  a l l .  I t  was im p o ss ib le  to  carry  about a heavy ap paratus l ik e  
the Goldmann Adaptom eter so  our r e s u l t s  were com parative o n ly .  
A lthough  r e s o lu t io n  o f  the an atom ica l cnanges d id  n ot o c c u r , the  
dark—a d a p ta t io n  retu rn ed  to  normal in  e a r ly  tr e a te d  c a s e s .
The S n e l le n  c h a r t s  f o r  i l l i t e r a t e  s u b je c t s  ( L a n d o l t  C 
an d  E) w ere u s e d  f o r  t e s t i n g  v i s u a l  a c u i t y .  I t  c o u ld  be a rg u e d
t h a t  th e  r e s u l t s  o f  th e s e  t e s t s  v a r i e d  a c c o r d in g  to  th e  p a r t  o f  
th e  f u n c t i o n in g  r e t i n a  w hich was d i r e c t e d  to w ard s  th e  l e t t e r s .
I t  was n o t  p o s s ib l e  to  c a r r y  o u t a d e q u a te  p e r im e try  w ith  t h i s  
ty p e  o f s u b je c t  to  a s c e r t a i n  w hich  p a r t s  w ere h e a l t h y ,  b u t  e v e ry  
e f f o r t  was made to  e l im in a te  su ch  a  s o u rc e  o f  f a l l a c y  a t  th e  
i n i t i a l  e x a m in a t io n . T h is  was done by e n c o u ra g in g  h e a d - t i l t i n g ,  
a n d  th e  r e s u l t s  h e re  showed f a i r l y  c o n c lu s iv e ly  t h a t  o n ly  a  l i t t l e  
i f  an y  v a r i a t i o n  i n  th e  a c u i ty  o c c u r re d  a t  a l l  ( l e t t e r s  n o t  l i n e s ) .  
On s u b s e q u e n t  e x a m in a tio n s  th e  same p r a c t i c e  was c a r r i e d  o u t ,  so  
t h a t  th e  s u b je c t s  were g iv en  e v e ry  ch an ce  to  s e e  th e  c h a r t s  u n d e r  
e q u a l  c o n d i t io n s  on e a ch  o c c a s io n  o f  t e s t i n g .  G u e ss in g  was so o n  
d i s c o v e r e d .  O b je c t iv e ly ,  th e r e  was no doub t when re c o v e ry  o f 
v i s i o n  h a d  b e e n  o b ta in e d . W hether su ch  re c o v e ry  was m a in ta in e d , 
we do n o t  know a p a r t  from  th e  t h r e e  c a s e s  quote.d a b o v e . We a re  
s a t i s f i e d  t h a t  no im provem ent o c c u rs  i n  th e  v i s u a l  a c u i t y  a f t e r  
a  c o u rs e  o f  any  f i l a r i c i d e s ;  o n ly  w ith  v i ta m in  A. D ie th y l -  
c a rb a m a z in e  does n o t a l t e r  th e  c o n d i t io n  i n  any  r e s p e c t .
CONCLUSIONS AS TO THE PATHOGENESIS
I t  i s  now p o s s ib l e  to  c o n s id e r  th e  p r o b a b le  c o u rs e  o f
e v e n ts  i n  th e  e v o lu t io n  o f  th e  d e g e n e ra tiv e  l e s i o n .  I t  seem s
l i k e l y  t h a t  th e  i n i t i a l  symptom o f  n i g h t - b l in d n e s s  depends upon  a
v i ta m in  A d e f i c ie n c y .  I t  may be t h a t  th e  f i r s t  a p p e a ra n c e  o f
r e t i n a l  p ig m e n ta ry  d i s tu r b a n c e  i n  th e  a r e a  b e tw een  th e  m acula and
th e  d i s c  ( j u x t a p a p i l l a r y )  i s  r e l a t e d  to  th e  h ig h  in c id e n c e  o f  ro d s
i n  t h a t  a r e a ;  th e  ro d s  a re  m ost dense d i r e c t l y  be low  th e  p a p i l l a ,
b e in g  a b o u t 1 7 0 ,0 0 0 /s q . mm. i n  t h i s  r e g io n .  I t  i s  i n t e r e s t i n g
15to  n o te  t h a t  Ram aH'n^swami, L each  and  S r i r a m a c h a r i  fo u n d  
s t r u c t u r a l  changes i n  th e  ro d s  an d  cones an d  p ig m e n t e p i th e l iu m  o f 
th e  r e t i n a  i n  monkeys p la c e d  on a d i e t  d e f i c i e n t  i n  v i ta m in  A.
I t  i s  p e r m i t t e d  to  a c c e p t  i n  th e  l i g h t  o f  t h i s  i n t e r e s t i n g  p a p e r  
t h a t ,  a s  a  r e s u l t  o f  a  g ro s s  v ita m in ,A  d e f i c i e n c y ,  th e  r e t i n a l  
p ig m e n t e p i th e l iu m  a n d  th e  v i s u a l  r e c e p to r s  o f  th e  human eye may be 
s i m i l a r l y  a f f e c t e d .  T h is  i s  g iv e n  i n d i r e c t  s u p p o r t  by Hume and  
K reb s , who showed t h a t  cone f u n c t io n  a s  w e l l  a s  ro d  f u n c t io n  was 
a f f e c t e d  i n  a  .group o f human v o lu n te e r s  d e p r iv e d  o f  v i ta m in  A.
W ald , Brown an d  S m ith 1 ^ showed t h a t  the  c a r o te n o id  com ponents o f  
th e  rh o d o p s in  an d  io d o p s in  sy stem s a re  i d e n t i c a l .  I o d o p s in  i s  
now known to  be v i ta m in  A a ld e h y d e . A t th e  same tim e a s  th e s e  
r e t i n a l  changes o c c u r  i n  th e  p o s t e r i o r  d e g e n e r a t iv e  l e s i o n ,  th e  
c h o r o id a l  v e s s e l s  a r e  e q u a l ly  b a d ly  h i t .  .T h is  i s  more d i f f i c u l t  to  
e x p la in .  A v a s c u la r  d e g e n e r a t io n  may be in d u c e d  by a  c i r c u l a t i n g
i n t o x i c a n t ,  a s  i n  d i a b e t e s .  C l i n i c a l l y ,  th e  v a s c u l a r  c h a n g es
o f  th e  d e g e n e r a t iv e  l e s i o n  u n d e r  d i s c u s s io n  c o u ld  be e x p la in e d
i n  th e  same way. What f i l a r i a l  s o u rc e  o f  i n t o x i c a n t  m ig h t
t h e r e  be? I n  v iew  o f  th e  low  I .D .F .  i n  th e s e  c a s e s  a n d  i n  v iew
o f  th e  f a c t  t h a t  i n  some o f them no m f. have been  fo u n d  e i t h e r
i n  th e  s k in  o r  i n  th e  e y e , m f. a s  a  s o u rc e  a r e  u n l i k e l y .  The
o n ly  o th e r  s o u rc e  o f to x in  i s  th e  a d u l t  worm. T h is  i s  n o t
o u t s id e  th e  bounds o f p o s s i b i l i t y .  I t  h a s  been  m en tio n e d
e a r l i e r  t h a t  th e  a v e ra g e  number o f  n o d u le  s i t e s  (n o d u le  mean) i n
th e s e  c a s e s  i s  low  ( 0 . 9 ) ,  and  t h a t  we fo u n d  many c a s e s  w i th o u t  any
p a lp a b le  n o d u le ;  i t  i s  th u s  p o s s ib l e  t o  a rg u e  t h a t  i t  i s  o n ly
f r e e  a d u l t  worms w hich p e rm it  th e  c i r c u l a t i o n  o f s u c h  a  t o x in .
The o c c u rre n c e  o f f r e e  a d u l t  worms h a s  b een  d e m o n s tra te d  p o s t
18m ortem  by van  den B erghe an d  o t h e r s .  H e re , to o ,  v i ta m in  A 
d e f i c i e n c y  may p la y  a p a r t .  The n o d u le  mean where th e  p o s t e r i o r  
l e s i o n  i s  n e v e r  s e e n  i n  r a i n - f o r e s t  v i l l a g e s  ( v i ta m in  A b e in g  
p l e n t i f u l  i n  th e  d i e t )  was fo u n d  by u s  to  be 4 .0  ev en  w here th e  
d e n s i ty  q u o t i e n t  was l e s s  th a n  5* M igh t n o t a  d e f i c ie n c y  o f  
v i ta m in  A, t h e r e f o r e ,  be i n  some way r e s p o n s ib le  f o r  th e  low  
n o d u le  m ean, l e a v in g  a  p r o p o r t io n a t e ly  h ig h  number o f  a d u l t  
worms f r e e  i n  th e  t i s s u e s ?  The f a c t o r s  w hich d e te rm in e  th e  
e f f e c t  o f  th e  n u t r i t i o n a l  s t a t u s  on p a r a s i t i c  i n f e s t a t i o n s  a r e  
com plex; y e t  Moore1 a f t e r  r e v ie w in g  th e  c o n t r a d ic to r y  
l i t e r a t u r e ,  s u g g e s ts  t h a t  th e  m ig r a t io n  o f  p a r a s i t e s  o r  o f  t h e i r
l a r v a e  may be f a c i l i t a t e d  by d e f e c t iv e  b a r r i e r s  i n  a n im a ls  
d e f i c i e n t  i n  v i ta m in  A* T here i s  some e v id e n c e  f o r  t h i s .  I t  
may w e l l  b e ,  th e n ,  t h a t  th e  n o d u la t io n  o f  a d u l t  f i l a r i a e  
O n ch o cerca  v o lv u lu s  i s  to  some e x t e n t  d e te rm in e d  by th e  v i ta m in  A 
c o n te n t  o f  th e  d i e t :  th e  more v i ta m in  A th e  g r e a t e r  th e  num ber
o f  n o d u le s ;  th e  l e s s  th e  g r e a t e r  th e  num ber o f  f r e e  worm s. A 
to x in  l i b e r a t e d  by a d u l t  worms l y i n g  f r e e  i n  th e  t i s s u e s  i s  much 
more l i k e l y  to  a c h ie v e  a  r e a s o n a b ly  h ig h  t i t r e  i n  th e  b lo o d  th a n  
i f  i t  w ere l i b e r a t e d  w i th in  th e  c o m p a ra t iv e ly  a v a s c u la r  a n d  
d e n s e ly  f ib r o u s - w a l l e d  n o d u le . T h a t w ould  be one p o s s ib l e  
e x p la n a t io n  f o r  th e  a b sen ce  o f  th e  d e g e n e r a t iv e  l e s i o n  from  
r a i n - f o r e s t  c o u n try .  I f  a  to x in  l i b e r a t e d  by f r e e  a d u l t  worms 
e x i s t s ,  i t  i s  w e ll  known t h a t  th e  c o m p le x ity  o f  th e  c h o r io -  
c a p i l l a r i s  n o t i n f r e q u e n t ly  r e s u l t s  i n  a  h ig h  l o c a l  t i t r e  o f  any  
c i r c u l a t i n g  p o is o n .  Owing to  th e  huge s u r f a c e  a r e a  o f f e r e d  f o r  
a b s o r p t io n ,  r e t i n a l  damage r e s u l t s .  How th e s e  t o x ic  s u b s ta n c e s  
a c t  i s  o b s c u re , o f  c o u rs e ,  and  i t  i s  s t i l l  d e b a te d  w h e th e r  a l l  
o f  them  a r e  e s s e n t i a l l y  n e u ro to x ic  o r  some o f  them a c t  p r im a r i l y  
u p o n  th e  c h o r o id a l  o r  r e t i n a l  b lo o d  v e s s e l s  c a u s in g  a  s e c o n d a ry  
n e u ro n ic  d e g e n e r a t io n  th ro u g h  v a s o c o n s t r i c t i o n .
I n  p r im a ry  c h o ro id a l  s c l e r o s i s  th e  v a s c u la r  ch an g es 
p re c e d e  an d  in d u c e  th e  p ig m e n ta ry  c h a n g e s , b u t  R am alingasw am i and  
h i s  c o l le a g u e s  d id  n o t d is c u s s  th e  c h o ro id a l  v e s s e l s  a l th o u g h  th e  
r e t i n a l  p igm en t was a l t e r e d  a s  a r e s u l t  o f  v i ta m in  A d e f i c i e n c y .  
L each20 sa y s  t h a t  changes i n  th e  w a l ls  o f  th e  c h o ro id a l  v e s s e l s ,
e s p e c i a l l y  th e  c h o r i o c a p i l l a r i s , w ere s e e n  i n  s e c t io n s  ta k e n  from
th e  e y e s  o f  monkeys d e f i c i e n t  i n  v i ta m in  A i n  t h i s  s tu d y ,  b u t
th e r e  w ere  no changes i n  th e  r e t i n a l  v e s s e l s .  T h is  may be s e e n
i n  th e  o r i g i n a l  i l l u s t r a t i o n s  to  th e  p a p e r .  L each  i s  th e  f i r s t ,
h o w ev er, to  a g re e  t h a t  such  im p o r ta n t  o b s e rv a t io n s  r e q u i r e
c o n f i r m a t io n .  T here  i s  no r e a l  e v id e n c e  t h a t  th e  v a s c u l a r
ch a n g es  p re c e d e  th e  p ig m e n ta ry  i n  th e  p o s t e r i o r  l e s i o n .
The d e g e n e ra tiv e  l e s i o n  o f  o n c h o c e r c ia s is  seem s to
d i f f e r  from  a  p r im a ry  c h o ro id a l  s c l e r o s i s  i n  t h a t  a  v i ta m in  A
d e f i c i e n c y  i s  a n  e v e r - p r e s e n t . f a c t o r .  T here  i s ,  t h e r e f o r e ,  no
a l t e r n a t i v e  b u t  to  p o s tu l a te  a t  l e a s t  two a e t i o l o g i c a l  f a c t o r s .
T hese tw o , o f  c o u rs e ,  c o u ld  be l in k e d :  a  f i l a r i a l  t o x in  may
i n t e r f e r e  i n  v i ta m in  A m etab o lism  a s  w e ll  a s  a f f e c t  th e  v e s s e l s .
I n  t h i s  way a  v ic io u s  c i r c l e  i s  s e t  u p , a l l  th e  more l i k e l y  to
a p p e a r  i n  s u b je c t s  a l r e a d y  somewhat d e f i c i e n t  i n  th e  v i ta m in .
T here  i s  some e v id e n c e  to  s u p p o r t  th e  f i r s t  h y p o th e s i s .  E v e le th ,
21G o ld sb y , B o l in  and  B o lin  have made p r e l im in a iy  s tu d i e s  on th e
c o n v e rs io n  o f  c a ro te n e  i n  sheep  i n f e s t e d  w ith  f i l a r i f o r m  la r v a e
a f t e r  d e p r i v a t i o n  o f v i ta m in  A. A b e t t e r  c o n v e rs io n  was
o b s e rv e d  i n  one n o n —i n f e s t e d  sh eep  th a n  i n  th r e e  w h ich  w ere
in f e s te d o  I n  e x p e rim e n ts  on g u in ea  p i g s ,  a n im a ls  w hich w ere
i n f e s t e d  w ith  D. f i l a r i a  were fo u n d  8 m onths l a t e r  to  have
r e s e r v e s  a v e r a g in g  2 .5  i . u . / g . ,  a s  com pared w ith  23 i . u . / g .  i n
c o n t r o l  a n im a ls  n o t  so  in f e s te d *  A nim als i n f e s t e d  w ith  I), v iv ip a r u s
22
a l s o  h ad  lo w e r r e s e r v e s  th a n  c o n t r o l  a n im a ls  (S o lim an  ) .
- 6 4 -
S e v e ra l  f a c t o r s  s u g g e s t  t h a t  th e  p ig m en t e p i th e l iu m
p la y s  a  v i t a l  r o l e  i n  th e  ro d  an d  cone d e g e n e ra tio n *  P o p p e r  and  
23
G re e n b e rg  d e m o n s tra te d  th e  p re s e n c e  o f v i ta m in  A i n  t h i s
e p i th e l iu m ,  an d  s u g g e s te d  t h a t  th e  v i ta m in  i s  a l t e r e d  w i t h in  i t
a s  i t  p a s s e s  from  th e  c i r c u l a t i o n  to  th e  r e c e p t o r s .  Damage to
th e  e p i th e l iu m  c o u ld  o c c u r  s e c o n d a ry  to  a  c h o ro id a l  s c l e r o s i s  o f
th e  ty p e  d e s c r ib e d  h e re  a s  b e in g  p o s s ib ly  in d u c e d  by a  f i l a r i a l
t o x in ,  a n d  w ould th e re b y  le a d  to  i n h i b i t i o n  o f  th e  v i ta m in  A
m e ta b o lism  w ith  a r e s u l t a n t  a d v e rs e  e f f e c t  on th e  ro d s  a n d  c o n e s ;
th e  e p i t h e l i a l  c h a n g es , on th e  o th e r  h a n d , m igh t be s im p ly  a
p r im a ry  d e g e n e r a t io n  i n  a  v i ta m in  A d e f i c i e n t  s u b je c t  a s  a  r e s u l t
o f  th e  g e n e r a l i z e d  d e f i c ie n c y .  I n  n e i t h e r  o f  th e s e  e v e n ts  i s  i t
n e c e s s a ry  to  p o s tu l a t e  a  d i r e c t  c o m p e t i t iv e  e f f e c t  by a  t o x i n  to.
e x p la i n  th e  breakdow n i n  th e  v i ta m in  A, m e ta b o lism . I t  w ould  be
enough i f  th e  e p i th e l iu m  i t s e l f  was made d e f i c i e n t  i n  v i ta m in  A«
I t  i s  w e l l  known t h a t  th e  more r a p i d  th e  d e s t r u c t iv e  p r o c e s s  th e
g r e a t e r  w i l l  be th e  d e p o s i t io n  o f r e t i n a l  p igm ent i n  new l o c a t i o n s .
I n  R id ley *  s d raw in g  o f  th e  d e g e n e r a t iv e  l e s i o n  i n  h i s  m onograph,
24
a n d  i n  th e  e x c e l l e n t  r e t in o g r a p h s  o f  B o i th ia s  , a c c u m u la t io n  o f  
th e  r e t i n a l  p igm en t i s  s l i g h t  i f  th e  s i z e  o f  th e  a r e a  in v o lv e d  
i s  t a k e n  i n t o  a c c o u n t .  T h is  s u p p o r ts  th e  v iew  t h a t  th e  c o n d i t io n  
i s  i n s i d i o u s  an d  non—in fla m m a to ry , w hich a l l  th e  b e t t e r  f i t s  th e  
p a th o g e n e t i c  p o s s i b i l i t i e s  j u s t  s u g g e s te d ,  r a t h e r  th a n  th e  d e a th  
o f m f. i n  s i t u .
To sum u p , i t  seem s l i k e l y  t h a t  a s  a  r e s u l t  o f  v i ta m in  
A d e f i c i e n c y  -  e i t h e r  w ith  o r  w i th o u t  a d d i t i o n a l  i n t e r f e r e n c e  
i n  v i ta m in  A m etab o lism  by a f i l a r i a l  t o x in  -  th e r e  w i l l  be 
d e s t r u c t i o n  o f  th e  r e t i n a l  p ig m en t e p i th e l iu m  w hich i n  t u r n  
w i l l  l e a d  to  d e g e n e ra t io n  o f  th e  r e t i n a l  r e c e p to r s .  S im u lta n e o u s ly  
a  c h o r o id a l  s c l e r o s i s  d e v e lo p s , p ro b a b ly  a s  th e  r e s u l t  o f  a  
f i l a r i a l  t o x in ,  f o r  i t  i s  n o t  a s  y e t  p ro v e n  t h a t  v i ta m in  A 
d e f i c i e n c y  a lo n e  can  le a d  to  su ch  a  ch a n g e . The v a s c u l a r  
s c l e r o s i s  i n  i t s  tu r n  g iv e s  a  g r e a t e r  im p e tu s  to  d e g e n e r a t io n  o f  
th e  r e t i n a l  p igm en t e p i th e l iu m , th e r e b y  f u r t h e r  a g g r a v a t in g  th e  
b reak -d o w n  i n  th e  v i ta m in  A m e ta b o lism . The r e s t r i c t i o n  o f  th e  
l e s i o n  i n  th e  f i r s t  in s t a n c e  to  th e  p a p i l lo - m a c u la r  a r e a ,  w here 
th e  c h o r i o c a p i l l a r i s  i s  m ost d e n s e , le n d s  s u p p o r t  to  th e  b e l i e f  
t h a t  a  t o x in  does p la y  a  p a r t  i n  p ro d u c in g  th e  v a s c u l a r  c h a n g e s .
I t  s h o u ld  n o t be im p o s s ib le  to  i s o l a t e  su ch  a  t o x in ,  i f  i t  e x i s t s .  
The h y p o th e s i s  p u t  fo rw a rd  r e s t s  p a r t l y  on c i r c u m s t a n t i a l  e v id e n c e , 
b u t  i n  th e  a b se n c e  o f  a  b e t t e r  a rgum en t i t  a f f o r d s  some b a s i s  on 
w h ich  to  w ork i n  th e  f u tu r e .
W hile  t h i s  e x p la n a t io n  goes a s  f a r  a s  p o s s ib l e  i n  th e  
l i g h t  o f  o u r  p r e s e n t  know ledge, i t  l e a v e s  u s  w o n d erin g  why o n ly  
5^, o f  th e  many s u b je c t s  whose b o d ie s  a lm o s t c e r t a i n l y  c o n ta in  f r e e  
a d u l t  f i l a r i a e ,  an d  who a re  d e f i c i e n t  i n  v i ta m in  A, a p p e a r  to  s u f f e r  
from  th e  o c u la r  l e s i o n 0 Many m igh t c o n s id e r  t h a t  i s  a  
r e a s o n a b le  p e rc e n ta g e  i n  any  la r g e  b i o lo g i c a l  s e r i e s ;  o th e r s  
m ig h t p o n d e r  on th e  p r o b a b i l i t y  o f th e r e  b e in g  a t h i r d  f a c t o r
i n v o l v e d .  I n  t h i s  c o n n e x i o n ,  i t  i s  i n t e r e s t i n g  t o  r e a d  o f  t h e
t o x i n  p r e s e n t  i n  r y e  g e rm , t h e  i l l - e f f e c t s  o f  w h ic h  o n  t h e  s p i n a l
c o r d  c o u l d  h e  p r e v e n t e d  b y  v i t a m i n  A ( M e l l a n b y ^ )  ; c e r e a l s
c o n s t i t u t e  t h e  m a i n  i t e m  o f  f o o d .  T h e r e  a r e  a l s o  o t h e r
p o s s i b i l i t i e s :  t h e r e  may be  some r e a s o n  why t h e  c a r o t e n e  w h i c h
i s  i n g e s t e d  i s  n o t  c o n v e r t e d  i n t o  v i t a m i n  A; t h e  b l o o d  c a r o t e n o i d s
w e r e  e s t i m a t e d  i n  o n l y  tw o  o f  o u r  c a s e s  ( 1 ,029  a n d  1 , 291 ) ;  b o t h
f i g u r e s  w e re  a b n o r m a l l y  h i g h  d e s p i t e  t h e  l e v e l  o f  v i t a m i n  A.
We do  n o t  know i f  t h i s  i s  t h e  r u l e ;  i t  may b e  a n  i m p o r t a n t
26o b s e r v a t i o n ,  o r  m e r e l y  m i s l e a d i n g .  W a ld  a n d  H u b b a r d  h a v e  
sh o w n  t h a t  t h e  c o n v e r s i o n  o f  r e t i n e n e  t o  v i t a m i n  A i s  a  c o u p l e d  
r e d u c t i o n  f o r  w h i c h  c o z y m a se  a c t s  a s  a  c o e n z y m e ,  a n d  f r u c t o s e  
d i p h o s p h a t e  c a n  a c t  a s  a  s u b s t r a t e .  The c y c l e  i s  d e p e n d e n t  o n  
t h e  e x i s t e n c e  o f  a n  a d e q u a t e  s u p p l y  o f  n i c o t i n i c  a c i d ,  w h i c h  i s  
c o n t a i n e d  i n  c o z y m a s e .  W h i l e  t h e r e  a r e  a m p le  a m o u n t s  o f  
n i c o t i n i c  a c i d  i n  t h e  d i e t s  o f  t h e  p e o p l e  o f  N o r t h e r n  N i g e r i a  
( N i c o l 2^ )  t h e r e  i s  a  v a r i a b l e  d e g r e e  o f  d e f i c i e n c y  i n  r i b o f l a v i n e ;  
i t  i s  b e l i e v e d  t h a t  a  c l o s e ,  r e l a t i o n s h i p  e x i s t s  b e t w e e n  t h e s e  tw o 
r e s p i r a t o r y  enzym e v i t a m i n s ,  s o  t h a t  c o z y m a s e  a c t i v i t y  may w e l l  
b e  i n t e r f e r e d  w i t h  i n  r i b o f l a v i n  d e f i c i e n c y .  I t  i s  i n  
d i r e c t i o n s  s u c h  a s  t h e s e ,  p e r h a p s ,  t h a t  f u r t h e r  l i g h t  may b e  
t h r o w n  o n  t h i s  f a s c i n a t i n g  s u b j e c t .
- 6 7 -
SIIMMARY
1 • Two ty p e s  o f  o n c h o c e rc a l  l e s i o n  i n  th e  p o s t e r i o r  u v ea  
a r e  shown to  e x i s t :  one i s  due t o  th e  d e a th  o f  m i c r o f i l a r i a e  i n
o r  a d j a c e n t  to  th e  c h o ro id , an d  i s  in f la m m a to ry  i n  t y p e 0 The 
o th e r  i s  a  d e g e n e ra t iv e  l e s i o n  a s s o c i a t e d  w ith  a  low  d e g re e  o f 
i n f e c t i o n  i n  th e  i n d iv id u a l  a n d  a low  n o d u le  mean; i t s  p a th o g e n e s is  
i s  n o t  u n d e rs to o d ,
2 . The s e r a  from  te n  c a s e s  s u f f e r i n g  from  t h i s  l e s i o n  were 
fo u n d  to  have  a low v i ta m in  A c o n te n t  ( a h o u t  25 i ,u . / lO O  m l. p la s m a ) • 
R eco v ery  o f  v i s i o n  (a lm o s t  co m p le te  o r  p a r t i a l  i n  s e v e n  c a s e s  o f  
th e  p o s t e r i o r  d e g e n e ra tiv e  l e s io n )  fo llo w e d  th e  a d m i n i s t r a t i o n  o f 
1 6 5 ,0 0 0  i . u .  v i ta m in  A d a i l y .  Im provem en t, when i t  o c c u r r e d ,  
b eg an  a t  th e  end  o f one w eek. I n  a d d i t i o n ,  th e  d a rk  a d a p ta t i o n  
i n  e a r l y  c a s e s  so  t r e a t e d  r e tu r n e d  to  n o rm a l. T here  was no r e s o l u ­
t i o n  o f  th e  a n a to m ic a l  a b n o r m a l i t i e s .  Where a t r o p h ic  c u p p in g , 
p e r i p h e r a l  c o r p u s c u la t io n ,  o r  o ra n g e -w h ite  s c l e r o s i s  o f th e  l a r g e r  
c h o r o id a l  b lo o d  v e s s e l s  e x i s t e d ,  no im provem ent r e s u l t e d .
5 . A ssessm en t o f  p o s s ib le  f a c t o r s  i n  th e  a e t i o lo g y  s u g g e s ts  
t h a t  a  c o m b in a tio n  o f  v i ta m in  A d e f i c ie n c y  w ith  a to x in  l i b e r a t e d  
by f r e e  a d u l t  worms c o u ld  e x p la in  i t s  o n s e t .  T h is  b e l i e f  i s  
s u p p o r te d  by th e  f a c t  t h a t  th e  l e s i o n  does n o t  o c c u r i n  a r e a s  
w here v i ta m in  A in s u f f i c i e n c y  i n  th e  d i e t a r y  o r  o n c h o c e r c ia s is  
e n d e m ic i ty  e x i s t  by th e m s e lv e s , b u t  o n ly  when th e  two a r e  
a s s o c i a t e d .
AC I2T CRTIZ'C-S.r^T T S
D r. H. M. S i n c l a i r ,  R eader i n  N u t r i t i o n  a t  O xfo rd  
U n i v e r s i t y ,  k in d ly  c a r r i e d  o u t th e  v i ta m in  A a s s a y s .  D r. B. 
N ic o l  s u p p l ie d  th e  d a ta  p r e s e n te d  i n  T a b le  1 . We a r e  m ost 
g r a t e f u l  to  b o th .
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The p a t h o lo g ic a l  o b se r v a tio n s  are  p r e se n te d  h ere  i n  two s e c t io n s :  
i n  th e  f i r s t  the m a te r ia l ,  te c h n iq u e s , and m icro sco p ic  
a p p earan ces o f th e  p a r a s ite  d u rin g  th e  s ta g e s  o f  i t s  d i s s o lu t io n  
a re d e sc r ib e d ;  the s e c t io n  con clu d es w ith  c e r ta in  o r ig in a l  
o b se r v a tio n s  a s  to  the r o u tes  p r e fe r r e d  by m f. 0 .  v o lv u lu s  i n  
e n t e r in g  th e  t i s s u e s  o f the e y e .
The secon d  s e c t io n  c o n s is t s  o f  a d e s c r ip t io n  o f  th e  
h is to p a th o lo g y  o f  the d i f f e r e n t  o c u la r  l e s i o n s .  Throughout t h is  
s e c t io n  one must be c o n s ta n tly  aware o f  th e  presen ce  o f  th e  
p a r a s i t e s ,  or o f  fra g n en ts  o f  them, e i t h e r  a l i v e  a t  the tim e the  
eye was e x c is e d  ( a s  the s t a in in g  w i l l  show) o r , b e in g  dead, i n  
d i f f e r e n t  s ta g e s  o f  d is o r g a n is a t io n , f o r  i t  i s  th a t  background, 
a s  much a s  th a t  o f  the s tr u c tu r a l  p a t te r n s  form ed, which makes 
the t o p ic  u n iq u e . By f i r s t  s t r e s s in g  the changing appearances  
o f  th e  p a r a s it e  body a f t e r  i t  d i e s ,  and the p la c e s  where i t  i s  
m ost l i k e l y  to  be found i n  the e y e , th e  w r ite r  hopes th e  rea d er  
w i l l  have c r e a te d  th e  n ecessa ry  background f o r  h im s e lf  b e fo r e  
th e  a c tu a l  p a th o lo g y  i s  c o n s id er e d .
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SECTION I
I . M a te r ia l
The o b se r v a tio n s  were c a r r ie d  out on 12 e y e b a l l s  and 37 
p ie c e s  o f  t i s s u e ;  fo r  v a r io u s  rea so n s a n o th er  8  e y e b a l l s  were 
r e j e c t e d  i n  the f i n a l  a ssessm en t, f o r  i t  was e s s e n t i a l  t o  u se  
m a te r ia l  th a t  was c l i n i c a l l y  above c r i t i c i s m  and w ith o u t any  
c o m p lic a t in g  fe a tu r e  w hatever. The 12 b e s t  and m ost c h a r a c t e r i s t ic  
e y e s  o n ly  were s e le c t e d .  They in c lu d e d  a c u te , su b acu te  and  
c h ro n ic  s ta g e s  o f  the v a r io u s  c l i n i c a l  l e s io n s  o f  o n c h o c e r c ia s is .
The same s t r i c t u r e s  were a p p lie d  to  the b io p sy  m a te r ia l .
I I .  T echniques
Some o f our specim ens were s e n t  to  the Departm ent o f  
P a th o lo g y  in  the I n s t i t u t e  o f  O phthalm ology, London, where 
c e l l o i d i n  embedding was perform ed, and r o u tin e  s e c t io n s  ( s t a in e d  
w ith  h aem atoxy lin  and e o s in )  s u p p lie d . O thers ( th e  m a jo r ity )  
were s e n t  to  the Department o f H is to lo g y  i n  the U n iv e r s ity  
L aboratory  o f  P h y s io lo g y , O xford, where lo w - v is c o s i t y  n i t r o ­
c e l l u l o s e  embedding was c a r r ie d  o u t . On the w r it e r 1 s  r e tu r n  
from A fr ic a  he was k in d ly  g iven  p e r m iss io n  to  u se the f a c i l i t i e s  
i n  O xford, and a g r e a t v a r ie t y  o f  s t a in in g  tech n iq u es  was undertaken; 
the London b lo c k s  were p erm itted  to  be brought to  O xford and 
fu r th e r  s e c t io n s  cu t th ere  a t  l e i s u r e .  Those who have c a r r ie d
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ou t r e se a r c h  w i l l  und erstand  how a p p r e c ia t iv e  any w orker i s  when 
a c o lle a g u e  g e n e r o u s ly  g iv e s  him o f  h is  tim e and s e r v i c e .  The 
w r ite r  owes a g r e a t  debt o f  g r a t itu d e  to  Dr. A shton o f  London and  
Mr. Leach o f  O xford i n  t h i s  c o n n e c tio n . The l a t t e r  e la b o r a te d  a 
method o f  b le a c h in g  the pigm ent i n  th e  h e a v ily -p ig m e n te d  n e g r o id  
eye w ith o u t a f f e c t i n g  the s t a in in g ,  and t h i s  proved o f  g r e a t  v a lu e  
(C hesterm an and Leach1) .  C o n sid er in g  th a t  the e y e b a l ls  a f t e r  
the w r it e r  e x c is e d  them in  the bush had to  be rushed to  th e  n e a r e s t  
a ir p o r t  -  perhaps fo u r  hundred m ile s  away over  d i f f i c u l t  t e r r a in  -  
th ey  were i n  rem arkably good c o n d it io n  when th ey  reach ed  th e  U n ite d  
Kingdom; o n ly  o c c a s io n a l ly  were th e re  s ig n s  o f  h ard en in g . The 
specim ens were f ix e d  i n  B ouin f o r  two days and d esp atch ed  i n  JOfo 
a lc o h o l .  B io p s ie s  were s e n t  the same way, but were p a r a f f in -  
embedded.
The photom icrography was c a r r ie d  out p a r t ly  i n  O xford  
by E . H. Leach and p a r t ly  i n  In d ia  by the a u th o r .
R ou tine s ta in s  u sed  in c lu d e d  P h lo x in e  t a r t r a z in e ,
M a llo r y , M asson, van G ieson , W eig ert’ s  and P e r io d ic  a c id  S c h i f f .
I I I .  The d i s s o lu t io n  o f  mf. 0 . v o lv u lu s  i n  the human eye and i t s  
e f f e c t  on the t i s s u e s
1 • I n tr o d u c t io n
Here we s h a l l  d esc r ib e  the m icro sco p ic  changes which occu r
i n  m f. 0 .  v o lv u lu s  (a p p a ren tly  a f t e r  i t s  death) i n  the t i s s u e s  o f
the e y e . We s h a l l  a l s o  attem pt to  a s s o c ia t e  th e se  changes w ith
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the l o c a l  r e a c t io n s  ap p earin g  i n  th e  v i c i n i t y  o f  the p a r a s i t e .
The cornea i s  the t i s s u e  b e s t  s u i t e d  to  o b s e r v a tio n s  o f  
t h i s  k in d , e s p e c i a l ly  i n  pigm ented eyes*  B ecause the p a r a s i t e s  
and in flam m atory  c e l l s  are  req u ired  to  t r a v e l  through a c o m p a ra tiv e ly  
sim p le  a v a s c u la r  s tr u c tu r e , the changes can be v iew ed  a s  i n  a  
c u ltu r e  medium* R ecen tly  and l i g h t l y  in f e c t e d  ey es  a re  u s u a l ly  
more in fo r m a tiv e  than o ld  h e a v ily  in f e c t e d  ones a s  the l a t t e r  
p r e s e n t  a co m p lica ted  p ic tu r e  i n  which a c u te  and c h ro n ic  t i s s u e  
changes o v e r la p , and both  l i v i n g  and dead m f. i n  every  s ta g e  o f  
d i s s o lu t io n  e x i s t  s id e  by s id e .
The o b se r v a tio n s  rep o rted  here are  p r e sen te d  w ith  some 
d if f id e n c e  f o r  fragm ents o f  a m ic r o f i la r ia  are d i f f i c u l t  to  
photograph , the whole seldom  b e in g  i n  f o c u s .  The ab sen ce o f  c o lo u r  
fu r th e r  weakens the p i c t o r i a l  ev id en ce  so  n e c essa ry  i n  work o f  
t h i s  k in d . However, a lth ou gh  th e se  are  in s o lu b le  d e f e c t s ,  th ey  
a re  a f t e r  a l l  o n ly  r e la t iv e  o n e s .
2 . H is t o r i c a l
To date i t  has been presumed th a t  i t  i s  the p rod u cts  o f
d is in t e g r a t io n  o f  m f. 0 . v o lv u lu s  which produce i n f l a mmato r y
2 3changes i n  th e  human e y e . R obles and C ald eron ' su g g e s te d  th a t  a  
to x in  s e c r e t e d  by the a d u lts  or the la rv a e  when a l iv e  was r e s p o n s ib le  
f o r  th e  p a t h o lo g ic a l  p ic tu r e .  L a ter  S h a fi^  and Vogel^ in c l in e d  
to  th e  same v iew ; the form er, who i s  o f t e n  q uoted , made 
no s tu d y  o f  o n c h o c e r c ia s is ,  sim ply  drawing a p a r a l le l
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w ith  h e lm in th ic  p a r a s ite s *  Strong^ s u g g e s te d  the r e a c t io n  was 
a t  l e a s t  p a r t ly  due " to  the p assage o f  la r g e  numbers o f  mf* 
through th e  lym ph atic  v e s s e l s  o f  the eye and the su b seq u en t  
d i la t a t io n  and oedema which r e s u l t s ."  L ater^  he s t a t e d  " a t  
the same tim e i t  would appear probab le th a t  the mf. through  t h e ir  
m etab o lism , or t h e ir  death and d e s tr u c t io n  i n  the t i s s u e s ,  m ight 
a l s o  e x e r t  a p a th o lo g ic a l  e f f e c t ."  The f in d in g  o f  m f. i n  e v e r y  
o c u la r  t i s s u e  l o g i c a l l y  proves n o th in g  e x c e p t  th a t  the a d u lt s  are  
probab ly  n o t im p lic a te d . We cannot even  be sure o f t h i s .
H is s e t t e  summed the p o s i t io n  up c a r e f u l ly  thus: (1 )  th ere  i s  a
s l i g h t  and slow  r e a c t io n  to  the l i v i n g  m f. ,  and ( 2 ) a c le a r  and  
a p p r e c ia b le  r e a c t io n  to  the dead la r v a e . The form er, a s  has  
b een  s u g g e s te d  by S tro n g , m ight be due sim p ly  to  the p a ssa g e  o f  th e  
p a r a s it e s  i n  numberj e q u a lly  w e l l  i t  m ight be due to  a t o x in  which  
th ey  o r  th e  a d u lts  s e c r e te d ;  th e  l a t t e r ,  a s  H is s e t t e  b e l ie v e d ,  i s  
most l i k e l y  to  be caused  by th e  d is in t e g r a t iv e  p roducts o f  th e  
la r v a e . These c o n c lu s io n s , n e v e r th e le s s ,  are a l l  e q u iv o c a l.
What i s  s u r p r is in g  i s  th a t  no p a th o lo g is t  to  d a te  has 
b een  a b le  to  a s s o c ia t e  th e  r e a c t io n s  o f  the t i s s u e s  w ith  m ic r o sco p ic  
changes i n  th e  m f. b o d ie s . H is s e t t e  came very  near to  t h i s  f o r  
he was aware th a t  some mf. s t a in  w e l l ,  ev ery  n u cleu s b e in g  c le a r ly  
o u t l in e d ,  w hereas o th e rs  appear to  lo s e  t h e ir  a f f i n i t y  to  th e  s t a i n ,  
the n u c le i  becom ing masked. He assum ed th e  form er were a l i v e  a t  
the tim e th e  eye was e x c is e d , and the l a t t e r  dead. U n fo r tu n a te ly  
he d id  n ot a ttem p t or was unable to  a s s o c ia t e  th e se  two d i f f e r e n t
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ap p earan ces o f  th e  p a r a s ite  w ith  th e  p r o c e ss e s  o f  in flam m ation *
3* S t a in in g  tec h n iq u es  o f  ch o ice
H aem atoxylin  and e o s in  and p h lo x in e  ta r tr a z in e  were the
two te c h n iq u e s  which proved m ost v a lu a b le  f o r  t h is  study*
4* S tr u c tu r a l  changes i n  th e  p a r a s it e  d u rin g  i t s  d i s s o lu t io n
Where th e  body o u t l in e  i s  u n ifo rm ly  c y l i n d r i c a l ,  th e
n u c le i  w e l l - s t a in e d  and c le a r - c u t ,  the r e s t  o f  the soma u n s ta in e d  
(H . and E .)  or  o n ly  f a i n t l y  s ta in e d  (P h lo x * T a r tr .) , th e  m icro­
f i l a r i a  can be s a id  to  have been  a l i v e  a t  th e  moment the ey e  was 
e x c is e d ;  i n  a r e c e n t ly  invaded  eye ( i . e .  w ith  no in flam m atory  
r e a c t io n  v i s i b l e )  t h i s  i s  the t y p ic a l  appearance*
The changed appearances o f  the m f. a s  i t  i s  ab sorb ed , 
presum ably a f t e r  d ea th , have been  c l a s s i f i e d  a s  u n d er:-
S ta g e  1: In c r e a s e d  a f f i n i t y  o f  the soma to  the s t a in  occurs*
T h is we have c a l l e d  ’ som atic  s ta in in g '*
S ta g e  2: The n u c le i  then  become i n d i s t i n c t ,  th e  d if f e r e n c e  in  
" c o lo u r  i n t e s i t y  betw een them and the soma becom ing
l e s s  and l e s s  u n t i l  th e  whole s t a in s  u n ifo rm ly . The 
body c h a r a c t e r i s t ic a l ly  i s  ir r e g u la r ly  s w o lle n .
T h is s ta g e  we have c a l l e d  ’ b a llo o n in g ' •
S ta g e  3: The body now breaks up a b r u p tly  in t o  fragm ents*
T h is s ta g e  we have c a l l e d  ’ fr a g m e n ta tio n '•
S tage  4: F i n a l ly ,  i n  p ro p o rtio n  a s  th e  fragm ents become s m a lle r
and fe w e r , the surrounding t i s s u e  s t a in s  d i f f u s e ly  
b lu e  (H . and E .)  or p in k ish -b lu e  ( p h lo x .T a r t r .) •
We have c a l l e d  t h is  the s ta g e  o f  ' d i f f u s io n  and 
a b so r p tio n ' a s  th a t i s  what appears to  be hap p en in g .
These changes are probably th o se  o f  a u t o ly s i s ,  f o r  a t  no
tim e d id  we f in d  them a s s o c ia te d  w ith  the p resen ce  o f  m acrophages
or g ia n t  c e l l s .
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5* A s s o c ia t io n  o f  s ta g e s  in  p a r a s it e  d i s s o lu t io n  w ith  l o c a l  
changes i n  th e  t i s s u e s
No r e a c t io n  was se en  u n t i l  'b a llo o n in g *  occu rred  ( S ta g e  2 ) ,  
A few  e o s in o p h il  le u c o c y te s  were in v a r ia b ly  c lo s e l y  a p p l ie d  to  th e  
p a r a s it e  body a t  t h is  s ta g e ;  w ith  fra g m e n ta tio n  (S ta g e  3) t h e i r  
number in c r e a s e s  enorm ously, and a few  round c e l l s  can be s e e n .
The l o c a l  c y to -a r c h it e c tu r e  probably  d eterm in es the number and  
d is p e r s a l  o f  th e  inflam m atory c e l l s .  I n  the p o t e n t ia l ly - w id e  
space b etw een  th e  e p ith e liu m  and Bowman's membrane th ey  c lu s t e r  
round th e  p a r a s it e  i n  la r g e  numbers; i n  the more dense s u b s ta n t ia  
p ro p r ia  th e  inflam m atory c e l l s ,  r e q u ir e d  to  pass a lo n g  the narrow  
i n t e r s t i t i a l  sp a c e s , are n ot so  c lo s e l y  a p p lie d  to  the d i s in t e g r a t in g  
body. At the s t a r t  o f  S tage 4 "the p ic tu r e  i s  v a r ia b le ;  som etim es  
e o s in o p h il  le u c o c y te s  dominate ( th e y  are alw ays p r e s e n t ) ,  som etim es 
f ib r o b la s t s ;  the plasma c e l l s  and lym phocytes have a l s o  in c r e a s e d  
i n  number. C o in c id in g  w ith  th e  a r r iv a l  o f  th e se  m igra tory  c e l l s  
in t o  the c o rn ea , new c a p i l l a r i e s  grow towards the p a r a s it e  body: 
d u rin g  S ta g e  4 the v e s s e l s  are o f te n  a lr e a d y  c lo s e  to  the inflam m atory  
f o c u s .  As th e  lim b a l area  has u s u a l ly  been  the s i t e  o f  e a r l i e r  
more advanced in flam m ation , th ere  i s  a r e s e r v o ir  o f th e  d i f f e r e n t
c e l l s  w ith in  e a sy  a c c e s s .
By the tim e the mf. fragm ents have become c o m p le te ly
in v a r ia b ly
absorbed  th e  number o f  plasma c e l l s  sssxXXy eq u a ls  or e x c ee d s  th e  
e o s in o p h i l .  On th e  w hole, how ever, i t  i s  the f ib r o b la s t s  o f  the  
strom a w hich are  most co n sp icu o u s, su p p o rtin g  the v iew  th a t  we are  
d e a l in g  w ith  a r e a c t i v e  f ib r o s i s  ind u ced  by the s tim u lu s  o f  non-
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n e c r o t i s in g  t o x in s  d e r iv e d  from th e p a r a s it e  body a s  a r e s u l t  o f  
i t s  d is s o lu t io n *
I t  i s  n o t p o s s ib le  to  sa y  how lo n g  th e  p r o c e ss  o f  
d i s s o lu t io n  tak es*  The in fe r e n c e s  a re  th a t  i t  l a s t s  o n ly  f o r  
a few  d a y s . The a cu te  r e a c t io n  may co n tin u e  f o r  some days lo n g e r ;  
a lth o u g h  the n atu re  o f  the inflam m atory c e l l s  i s  more i n  k e e p in g  
w ith  a ch ro n ic  l e s i o n  even  where the c l i n i c a l  s ig n s  were a c u t e ,  
th a t  i s  a commonly-found anom aly. There seems l i t t l e  doubt th a t  
a f t e r  the p a r a s it e  body has d is in t e g r a te d  the t o x ic  p rod u cts  l in g e r  
on d i f f u s i n g  v e r y  s lo w ly  from the prim ary fo c u s  in to  th e  n e ig h b o u r in g  
t i s s u e s .  I n  t h is  way a d ja c en t p a r ts  may be a f f e c t e d  w ith o u t
n e c e s s a r i ly  b e in g  the lo c u s  o f  a dead p a r a s it e ;  such a r e a s  i t  i s
f r e q u e n t
b e l ie v e d  may be d is t in g u is h e d  by th e /a b se n c e  o f  e o s in o p h il  
le u c o c y te s ;  a s in g le  c a p i l la r y  a s s o c ia t e d  w ith  a few  f ib r o b la s t s  
and plasm a c e l l s  i s  a common f in d in g  a t  some d is ta n c e  from a  
p a r a s it e  i n  S tage 3 or 4 d i s s o lu t io n .  I t  i s  im p o ss ib le  o f  
cou rse  to  prove th a t  no p a r a s ite  d ied  in  such  sm a ll a r e a s  o f  pannus; 
th a t  many a r i s e  a s  a r e s u l t  o f  the d i f f u s io n  o f  to x ic  p rod u cts  
from a nearby fo c u s  i s  a p erso n a l v iew .
There was no s tr o n g  ev id en ce  o f  a t r a n s ito r y  s ta g e  betw een  
b a llo o n in g  and fragm en ta tion ; th a t  i s  why fra g m en ta tio n  i s  
d e sc r ib e d  a s  o c c u r r in g  " abruptly1*. P o s s ib ly  S tage 4 m ight come i n  
f o r  some c r i t ic i s m ;  the f a in t  s t a in in g  o f  the t i s s u e s  which  
c h a r a c te r is e s  i t ,  the w r ite r  has n ot se en  i n  any o th er  c o n d it io n  
e x c ep t perhaps c a l c i f i c a t i o n  i n  an o ld  k e r a t i t i s .  The a s s o c ia t io n
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i n  an i n f e c t e d  eye o f  a l o c a l  a g g r e g a tio n  o f  e o s in o p h il  
l e u c o c y t e s ,  f ib r o b l a s t s ,  and plasma c e l l s  w ith  d i f f u s e  s t a i n i n g  
o f  th e  t i s s u e s  i n  which th ese  c e l l s  l i e  i s  h ig h ly  s u g g e s t iv e .
One co n c lu d es th a t  mf. 0 .  v o lv u lu s  i s  a good exam ple  
o f  a p e r f e c t ly  adapted  p a r a s it e ,  and th a t  the in flam m atory changes  
o b served  i n  the cornea i n  t h is  stu d y  were cau sed  by the p ro d u cts  
o f  d i s s o lu t io n  o f  t h e ir  b o d ie s , and n o t by any e x o to x in  s e c r e t e d  
by them or th e  a d u lt  worms when a l i v e .
6 . Summary
(1 )  S tr u c tu r a l  a l t e r a t io n s  o f  fo u r  ty p e s , se en  i n  m f.
0 .  v o lv u lu s  i n  s e c t io n s  o f  the human eye s ta in e d  w ith  H aem atoxylin  
and e o s in  and P h lo x in e  ta r t r a z in e , a re  d e sc r ib e d . I t  i s  b e l ie v e d  
th ey  r e p r e s e n t  fo u r  s ta g e s  i n  th e  d i s s o lu t io n  o f  the m f. body.
(2 )  The lo c a l  r e a c t io n  o f  the t i s s u e s  i n  r e la t io n  to  each  
o f  the fo u r  s ta g e s  i s  rep o r ted .
(3 )  The l i v i n g  p a r a s ite  appears to  in d u ce no t i s s u e  r e a c t io n .  
A fte r  i t s  d e a th , how ever, e o s in o p h il  l e u c o c y t e s ,  lym p h ocytes, 
plasm a c e l l s  and f ib r o b la s t s  appear i n  th e  v i c i n i t y  o f  th e  d i s in t e ­
g r a t in g  body rou gh ly  i n  th a t  order and r e la t iv e  p rop ortion } new 
c a p i l l a r i e s  grow towards the fo c u s .  At no s ta g e  i n  th e  p r o c e ss
are  p o ly b la s t s  or g ia n t  c e l l s  s e e n . When d is s o lu t io n  i s  com plete
the p r o p o r tio n a te  r e p r e s e n ta t io n  o f  th e se  c e l l s  i s  r e v e r s e d .
(4 )  I t  seem s probable th a t a f t e r  the v i s i b l e  p r o c e ss e s  o f  
d is s o lu t io n  a re  com plete u ltr a -m ic r o s c o p ic  to x in s  i n  s o lu t io n  are
l e f t  to  d i f f u s e  s lo w ly  in to  and a f f e c t  n e igh b ou r in g  t i s s u e s  and  
s tr u c tu r e s *  T h is can be r e c o g n ise d  by a d i f f u s e  b a s o p h il  
s t a in in g  o f  the t i s s u e s  i n  which in flam m atory  c e l l s ,  c h a r a c t e r i s t i c
o f  s ta g e  4 , l i e .
I V .  T he m o v e m e n ts  o f  t h e  p a r a s i t e s  i n t o  a n d  w i t h i n  t h e  e y e
1• I n tr o d u c t io n
I t  i s  g e n e r a lly  b e l ie v e d  th a t  the m f, o f  0 .  v o lv u lu s  must
e n te r  th e  t i s s u e s  o f  the eye from the l i d s ,  whence th ey  can p ass
under the p a lp e b r a l and b u lb ar c o n ju n c tiv a  to  p e n e tr a te  th e  e y e b a ll
a t  the c o r n e o s c le r a l  ju n c tio n ;  t h e r e a f t e r  a l l  the o c u la r  t i s s u e s
are  r e a d i ly  a c c e s s i b le .  H is to p a th o lo g ic a l  ev id en ce  o f  t h e ir
p resen ce  i n  each  o f  the o cu la r  t i s s u e s  has been  a ffo r d e d  i n  th e
p a s t  e x c e p t  i n  the case  o f th e  r e t in a ,  a lth ou gh  on ly  one worker
has dem onstrated  the p a r a s it e s  in  th e  o p t ic  nerve (G ia q u in to
M ira^ ), and no photom icrograph h a s , to  our know ledge, a s  y e t  been
p u b lish e d  o f the l a t t e r  f in d in g .
2 .  B l e a c h i n g
B le a c h in g  the pigment was o f  in c a lc u la b le  v a lu e  in  
t h is  s tu d y .
5 . O b serva tion s
( 1) L id s to  o u ter  c o a ts  o f e y e b a l l : The mf. i n  a c a se  w ith
10a h ig h  I .D .F .  (Rodger and Brown ) can a lw ays be found i n  g r e a t  
numbers i n  the l i d s .  P a lp eb ra l and b u lb ar  c o n ju n c tiv a l b io p s ie s
i n  such  c a s e s  r e v e a l  the same p ic tu r e *  In d e e d , a s  has been
11s u g g e s te d  e lsew h ere  (Rodger ) s k in  b io p s ie s  o f  the l i d  a re  a s  
r e v e a l in g  a s  c o n ju n c t iv a l  b io p s ie s .  I n  th e se  p a t ie n t s  the  
a n t e r io r  segm ent o f  the eye i s  in v a r ia b ly  h e a v i ly  in vad ed  (c o r n e a ,  
c o r n e o s c le r a l  ju n c t io n , and r o o t  o f  i r i s )  a s  a re  the e x tr a -o c u la r  
m u sc le s , th e  lo o s e  e p i s c l e r a l  t i s s u e  below  Tenon’ s  C apsu le and th e  
o u te r  f ib r e s  o f  th e  s c le r a .  The l a t t e r  i s  the u su a l s i t e  o f  m f. 
a s  f a r  a s  th e  s c le r a  i s  concerned; m ost photom icrographs r e p o r t in g  
mf. i n  t h i s  t i s s u e  in  f a c t  r e v e a l them e i t h e r  i n  the e p i s c l e r a  or  
j u s t  in s id e  th e  o u te r  c o a t;  o n ly  r a r e ly  have we found m f. i n  th e  
su b sta n ce  o f  the s c le r a  i t s e l f ,  e x c ep t a n t e r io r ly  a t  th e  lim bus  
where th e  s tr u c tu r e  i s  lo o s e r .  I n  v iew  o f  th e  r e s is ta n c e  o f  the  
s c le r a  p rop er i t  i s  n o t s u r p r is in g  the m f. do not p e n e tr a te  i t  
r e a d i ly .
(2 )  O uter c o a ts  o f e y e b a ll  to  in n e r : There i s  a q u a n t ita t iv e
d ecrea se  u s u a l ly  i n  th e  number o f  p a r a s it e s  found i n  the uvea in  
h e a v i ly —in f e c t e d  ey e s  a s  we move back from the lim bus to  th e  o p t ic  
n e r v e . T h is i s  such  a common f in d in g  i t  su g g e s ts  th a t , i n  such  
e y e s ,  th e  s c l e r a l  b a r r ie r  i s  a v ery  r e a l  one e x c ep t a n t e r io r ly .
I n  o th e r  words i t  appears th a t  the m f. p e n e tr a te  wherever the  
t i s s u e s  are  l e a s t  r e s i s t a n t ;  th a t  i s  to  say  the r o u te s  most l i k e l y  
to  be tak en  are  from under bu lbar co n ju n c tiv a  in t o  the cornea  
betw een i t s  e p ith e liu m  and Bowman’ s membrane, i n  a p o s t e r io r  
d ir e c t io n  through the c o r n e o sc le r a l ju n c t io n a l  f ib r e s  to  the a n g le
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and hence in to  th e  uvea
o f  th e  ey^/, or  in t o  th e  co rn ea l strom a, i n  th a t  o rd er . That the  
m ost r e a d i ly  a c c e s s ib le  rou te  i s  above Bowman’ s membrane i s  borne  
ou t by th e  o b se r v a tio n s  we have made on n e a r ly  3>000 h e a v i ly - in f e c t e d  
e y e s  w ith  th e  o c u la r  b iom icroscop e , where we saw s u b e p i t h e l ia l  
c o r n e a l m f. many tim es but seldom  i f  e v er  strom al; m oreover i t  i s  
the c l a s s i c  s i t e  o f  pannus o n ch o cerco su s . P a ra . 4 below  e n la r g e s  
on th e  p o s s ib le  a n te r io r  r o u te s .
(3)  In n e r  c o a ts  o f  e y e b a lls  to  in tr a - o c u la r  f lu id s :  I t  was
n o t p o s s ib le  to  f in d  any ev id en ce  i n  the s e c t io n s  s u g g e s t in g  the
mode o f  p a ssa g e  o f  mf. in to  th e  aqueous humour. I t  seem s l i k e l y ,
n e v e r t h e le s s ,  th a t  when they  reach  the a n g le  o f  the eye th ey  w i l l  
break through  the th in  u v e a l s c a f f o ld in g  form in g  the ligam entum  
p ectin atu m  com p ara tively  e a s i l y ,  and th a t  when th ey  are  p r e s e n t  i n  
the i r i s  th ey  w i l l  emerge through i t s  f in e  a n te r io r  endothelium  
w ith  even  l e s s  d i f f i c u l t y .  We do n ot b e l ie v e  mf. can p a ss  from the  
r e t in a  d i r e c t ly  in t o  the v i t r e o u s ,  a s  where they  were p r e se n t  we
saw no s ig n  o f  th a t;  but i t  i s  p o s s ib le  th ey  m i^ it . More p ro b a b ly , 
i n  our v ie w , the p a r a s it e s  break through the a n te r io r  f a c e  o f  the  
v it r e o u s  g e l ,  which a ffo r d s  no b a r r ie r  a t  a l l ,  h a v in g  p r e v io u s ly  
p a ssed  from  the a n te r io r  chamber in t o  th e  p o s t e r io r .
( 4) p a ssa g e  v ia  the a d v e n t i t ia l  sh ea th s  o f  b lood  v e s s e l s :
The p r e sen ce  i n  some ey es  o f  a r e s t r i c t e d  a n te r io r  in v a s io n  a s s o c ia t e d  
w ith  a r e s t r i c t e d  but d e f in i t e  c h o r o id a l in v a s io n  su g g e s te d  th a t  
some p a r a s i t e s  must p ass in to  the ch o ro id  by an other r o u te  a s  a
q u a n t i ta t iv e  d ecrease  from cornea to  o p t ic  nerve i s  to  be e x p e c te d  
in  an in v a s io n  from the a n te r io r  segm ent backw ards. B ecau se  we 
were f a i r l y  su re  th a t  the hard w a ll  o f  th e  s c le r a  a f fo r d e d  an  
a lm o st im p a ss ib le  b a r r ie r , the p o s s i b i l i t y  was c o n s id er e d  th a t  the  
m f. m ight p a ss  down the lo o s e  f ib r o u s  sh e a th s  o f th e  p e n e tr a t in g  
e q u a to r ia l  v e s s e l s .  A c e r t a in  amount o f  ev id en ce  o f  t h is  was 
found  i n  s e r i a l  s e c t io n s .  At th e  same tim e i t  was abun dantly  
dem onstrated  th a t  the a d v e n t i t ia l  sh e a th s  o f the p e r fo r a t in g  a n te r io r  
c i l i a r y  v e s s e l s  were even  more favou red  by the p a r a s it e s  a s  an  
e a sy  means o f  p a s s in g  from the o u te r  eye to  th e  in n e r , th ereb y  
a d d in g  to  th e  r o u tes  o f e n try  in t o  the eye a t  or around th e  lim b u s. 
T h e o r e t ic a l ly ,  a lth o u g h  i t  i s  p o s s ib le  f o r  m f. to  reach  the ch o ro id  
w ith o u t in v a s io n  o f  the a n te r io r  segm ent, a s  i t  w i l l  depend on 
o r b i t a l  in v a s io n  which i s  u n l ik e ly  to  happen ex cep t where the  
p a r a s it e s  are a l s o  p r e sen t in  fo r c e  a t  the lim b u s, c h o r o id a l  
in v a s io n  probably occurs on ly  r a r e ly  a s  an i s o l a t e d  phenomenon.
Our clinical experiences support this belief.
(5) invasion of the retina by the mf. of 0. volvulus: In the 
course of the last-mentioned observations the original discoveiy 
was made that mf. invade the retina. The parasites apparently 
are able to reach this structure by forcing a passage through 
the pigment epithelium for there was evidence of such a break­
through. There was no sign, however, of a break in the 
continuity of the membrane of Bruch. So apparently they must 
either break through from the ciliary body between the pigment
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e p ith e liu m  and the c u t ic u la r  lam ina o f  Bruch or  p ass from  th e  
v i t r e o u s  d i r e c t ly  in t o  the r e t in a .  One o f  two mf. o b serv ed  la y  
i n  the sh e a th  o f  a r e t in a l  b lo o d  v e s s e l  w ith  i t s  head p r o j e c t in g  
in t o  th e  lumen i n  the d ir e c t io n  o f  the o p t ic  d i s c .  The a t t i t u d e  
and p o s i t i o n  s u g g e s t  i t  had n ot p a sse d  up in t o  th e  r e t in a  v ia  the  
v a s c u la r  sh e a th  o f  a r e t in a l  v e s s e l  ( u n l ik e ly  a lth o u g h  n o t  im p o ss ib le )  
but had e n te r e d  the sh eath  from w ith in  the r e t in a ,  and was i n  the  
p r o c e ss  o f  f o r c in g  i t s  way a lo n g  th e  lo o s e  a d v e n t i t ia l  t i s s u e .
The p o s i t i o n  o f  i t s  head a p p ea ren tly  w ith in  the lumen o f  the v e s s e l  
may be an  a r t e f a c t .  The d i s t i n c t  s t a in in g  su g g e s ts  t h i s  p a r a s it e  
was a l i v e  a t  th e  tim e o f the o p e r a tio n .
Photom icrographs g iv e  a rough in d ic a t io n  o n ly  o f  the s i z e  
o f  such  m f. by com parison w ith  th e  r e t i n a l  n u c le i .  The o n ly  o th e r  
u n sh eath ed  s p e c ie s  which v o lv u lu s  m ight be con fu sed  w ith  i s  m f. 
p e r s ta n s ,  a lth o u g h  the l a t t e r  i s  s m a lle r . F actors  o th e r  than  s i z e ,  
which anyway i s  an u n s a t is fa c to r y  stan d ard  where on ly  a fragm ent o f  
the p a r a s it e  i s  v i s i b l e ,  depend upon the p a r t o f  the body th a t  can  
be made o u t . I n  the more com plete o f  th e  two mf. s e e n  i n  th e  
r e t in a  the head and h a l f  the body i s  v i s i b l e ,  so  th a t  by i t s  
shape and the d is t r ib u t io n  o f  n u c le i  i d e n t i f i c a t io n  can be made 
w ith  c o n f id e n c e , a p a r t a l to g e th e r  from th e  ev id en ce o f  i t s  s i z e .
I n  n e ith e r  o f  the two r e t in a l  mf. was the t a i l  v i s i b l e ,  bu t the  
ev id en ce  s u p p lie d  by the caudal n u c le i  i s  n o t im portant where the  
o th e r  c h a r a c t e r i s t ic s  d escr ib ed  above e x i s t .  More c o n v in c in g
s t i l l ,  p erh ap s, i s  the f a c t  th a t  b oth  p a t ie n t s  had an I .D .F .  
o f 31 and th a t  i n  none o f 10 th ic k  b lo o d - f i lm s  exam ined i n  each  
were b lo o d -b o rn e  mf. found . I n  s h o r t  a l l  th e  ev id en ce  le d  to  th e  
one c o n c lu s io n , th a t th e se  m f. i n  the human r e t in a  were v o lv u lu s .
( 6) I n v a s io n  o f  the o p t ic  n e r v e : A lthough f in d in g  in  each
o f  two s u b je c t s  a s o l i t a r y  mf. i n  th e  o p t ic  nerve su b sta n ce  th ere  
was no e v id en ce  to  show (a s  i s  l ik e l y )  th a t  they  burrowed in t o  
the nerve from the o r b it  a lo n g  the s e p t a l  n u tr ie n t  v e s s e l  sh e a th s  
or ( l e s s  p r o b a b ly ) , through the b ord er t i s s u e  o f the E ls c h n ig  
from the ch o ro id  or s c le r a .  I n  each  o f  the two p o s i t i v e  c a s e s  
th ere  was m assive  o r b ita l  in v a s io n , so  in v a s io n  v ia  the b lood  
v e s s e l s  o f  th e  nerve i s  q u ite  a p r o b a b i l i t y .
4 . Summary
(1 )  A s tu d y  o f  the p o s s ib le  r o u te s  o f  e n try  o f  mf. 0 .  
v o lv u lu s  in t o  the d i f f e r e n t  o c u la r  t i s s u e s  was c a r r ie d  o u t .
(2 )  S e r ia l  s e c t io n s  were made a f t e r  lo w - v is c o s i t y  n i t r o ­
c e l l u lo s e  embedding; p a r a f f in  was u sed  i n  the case  o f  th e  l i d s .
The u v e a l m elan in  was b leach ed  in  m ost in s ta n c e s  b e fo re  the  
s e c t io n s  were s ta in e d .
(3 )  It was concluded that the most common route taken by the 
mf. is from under the bulbar conjunctiva into the cornea between 
the epithelium and Bowman’s membrane, followed by passage from 
the limbus to the angle or into the corneal stroma - in that 
order. The sclera appears to offer a strong barrier to their 
passage, except at its anterior extremity where its fibres mingle
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w ith  th e  c o r n e a l la m e lla e , or where i t  i s  p ie r c e d  by b lo o d  
v e s s e l s  ( a s  a t  the eq u ator)#
( 4) I t  was a l s o  d isco v e r e d  th a t  th e  p a r a s it e s  t r a v e l  by 
the a d v e n t i t i a l  sh ea th s o f th e  p e r fo r a t in g  b lood  v e s s e l s  a t  the  
lim b u s, and (perh aps) by th ose  o f  th e  n u tr ie n t  v e s s e l s  o f  th e  
o p t ic  nerve#
(5 )  I t  i s  b e l ie v e d  th a t  the p resen ce  o f  mf. 0# v o lv u lu s  
i n  th e  r e t in a  d e sc r ib e d  here i s  an o r ig in a l  f in d in g ,  and th a t  
the photom icrographs o f  mf. w ith in  th e  r e t in a ,  v i t r e o u s  and 
o p t ic  n erve are the f i r s t  e v e r  to  be reproduced#
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SECTION I I
The p a th o lo g y  o f  a l l  the o c u la r  m a n ife s ta t io n s  a t t r ib u t e d  to  
o n c h o c e r c ia s is  i s  g iv en  here and t h i s  s e c t io n  c o n ta in s  m ic r o sco p ic  
p ro o f o f  the w r i t e r ’ s c la im  th a t  th e  p o s t e r io r  segm en ta l l e s io n s  
a re  o f  two ty p e s .
The fo l lo w in g  are the c o n d it io n s  d escr ib ed :
1 • ' Bung’ eye
2 . L im b itis
3 . S u p e r f ic ia l  p u n cta te  k e r a t i t i s
4* S c le r o s in g  k e r a t i t i s
5o A n te r io r  u v e i t i s
6 . P o s te r io r  u v e i t i s
7 . C h o r io -r e t in a l d e g e n e r a tio n  ( th e  p o s t e r io r
d eg en era tiv e  l e s i o n  o f  o n c h o c e r c ia s is )
8 . O ptic a trop h y .
1 .  ’BUNG’ EYE
T his c o lo u r fu l  d e s c r ip t iv e  term was co in ed  by Owen and
1 2H en essey  to  d e sc r ib e  a (perm anent) s w e l l in g  o f th e  upper l i d s  
commonly found i n  a s s o c ia t io n  w ith  o c u la r  o n c h o c e r c ia s is .  The u su a l  
e x p la n a t io n  o f  the phenomenon has been  th a t  oedema i s  the c a u se .
M a c ro sco p ica lly  th ere  i s  oedema o f the derm is i n  which  
many engorged  v e s s e l s  are p r e s e n t . The subcutaneous t i s s u e ,  how ever, 
showed i n  the fo u r  c a se s  c o l l e c t e d  th a t  deep to  the derm is sim p le  
b i l a t e r a l  lo b u la te d  lipom ata were p r e s e n t . I t  i s  i n t e r e s t i n g  to  
n ote  th a t  a lipom atous change in  onchocercom ata i s  a common 
f in d in g  e lsew h ere  in  the body. The w r ite r  h im se lf  had one such  
e x c is e d  from  over  h is  r ib s!
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M ic r o sc o p ic  app earan ces:
The e p ith e liu m  o f  the l i d  i n  th e  e a r ly  s ta g e s  o f  in v a s io n
i s  o f  th e  norm al s t r a t i f i e d  squamous p igm ented ty p e . There i s  no 
ev id en ce  o f  in v a s io n  o f the ep id erm is by c a p i l l a r i e s .  I n  th e  
d erm is, w hich  i s  oedem atous, many f o c i  o f  ch ro n ic  in flam m atory  
c e l l s  e x i s t .  A g rea t number o f  m f. fragm ents may be fou n d , some 
o f  them i n  the i n t e r s t i t i a l  t i s s u e  o f  the u n d e r ly in g  limpoma. 
Changes i n  th e  e l a s t i c  are n e g l ig i b l e .  I n  lo n g s ta n d in g  c a s e s ,  on 
the o th e r  hand, th e  e p ith e liu m  has become a tr o p h ic  and the  
s u b e p i t h e l ia l  e l a s t i c  l o s t .  The b lo o d  v e s s e l s  r e v e a l  s w e l l in g  
and p r o l i f e r a t io n  o f  the endothelium  and i n  many in s ta n c e s  t h i s  
has l e d  to  o c c lu s io n  o f  the lumen. The in te r n a l  e l a s t i c  lam inae  
s t a i n  f a i n t l y ,  and th ere  are  s ig n s  o f  r e d u p lic a t io n  o f  v e s s e l s .
The f ib r o b la s t s  have p r o l i f e r a t e d  somewhat, e s p e c ia l ly  near the  
v e s s e l s .  M f. v o lv u lu s  were p r e se n t  i n  th e  lipom ata  i n  a l l  our  
c a s e s .
One c o n c lu d e s , a lth ou gh  a d m itte d ly  from somewhat s l i g h t  
e v id e n c e , th a t  the t o x ic  products o f  the dead mf, b o d ie s  probably  
a c t  a s  a s t im u la n t  to  the a d ip o se  t i s s u e  o f  the l i d  w ith  the  
sub seq u en t developm ent o f  a lipom a. T his bears a p a r a l le l  to  the  
in c r e a s e d  a c t i v i t y  o f the f ib r o b la s t s  i n  the strom a. The cau se  o f  
the e p i t h e l i a l  a tro p h y , the e l a s t i c  d e g en era tio n  ( a f t e r  the i n i t i a l  
p r o l i f e r a t io n )  and the v a sc u la r  an om alies may a l s o  be t o x ic ;  more 
probably th e  t o x ic  e f f e c t  in v o lv e s  the b lo o d v e s se ls  f i r s t ,  and  
most s e v e r e ly ,  so  th a t  the anoxia  r e s u l t in g  from t h e ir  su b seq u en t
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o c c lu s io n  i s  r e s p o n s ib le  f o r  the e p i t h e l i a l  and e l a s t i c  a tr o p h y .
2 . LIMBITIS
There i s  hyperaem ia and chem osis o f  the b u lb ar  
c o n ju n c tiv a  and s c le r a  a t  the lim b u s. The a d ja c en t s e c t o r  o f  
th e  cornea fr e q u e n t ly  e x h ib it s  s u b e p i t h e l ia l  o p a c i f i c a t io n .  Mf.
are  a lw ays p r e se n t  i n  b io p s ie s  o f  the o v e r ly in g  c o n ju n c tiv a .
M icro sco p ic  appearances;
There i s  a th ic k  and pigm ented c o n ju n c tiv a l e p ith e l iu m .
Pigm ent i s  p r e se n t  in  p la c e s  i n  c le a r  c e l l s  a t  a l l  l e v e l s ;  t h i s  
i s  to  be e x p e c te d  i n  the n egro id  e y e ,  o f  c o u r se , and i s  norm al. 
There i s  no s u g g e s t io n  th a t  the e p ith e liu m  i s  k e r a t in is e d ,  or even  
t r u ly  s t r a t i f i e d ,  but th ere  are one or two e x tr a  la y e r s  o f  p o ly ­
h ed ra l c e l l s .
The u n d e r ly in g  lim b a l lym p h atics  and v e s s e l s  are  
c h a r a c t e r i s t i c a l ly  somewhat d i la t e d  and new c a p i l l a r i e s  have  
sp ro u ted  h ere  and th ere  in to  th e  e p ith e liu m  o f  the c o n ju n c t iv a .
I n  th e  s u b e p i t h e l ia l  t i s s u e  th ere  i s  a n o t in c o n s id e r a b le  
i n f i l t r a t i o n  o f  plasm a c e l l s  a lo n g  w ith  a few  e o s in o p h il  le u c o c y te s  
and ly m p h ocy tes . Even i n  the e a r ly  s ta g e s  the s u b e p i t h e l ia l  
e la s t ic u m  seem s to  be a f f e c t e d  and i n  c o n tr a s t  to  th e  s k in  o f  the  
l i d  i s  soon  l o s t  from the area; i n  o ld  c a se s  the deep e l a s t i c  a s  
w e l l  a s  th e  v a s c u la r  lam inae are w h o lly  d estro y ed .
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Oedema o f  the s u b s ta n t ia  i s  marked and th e re  i s  e v id e n c e  
o f  in c r e a s e d  f ib r o b l a s t i c  a c t i v i t y ,  e s p e c i a l ly  around the la r g e r  
v e s s e l s *  Where a l im b i t i s  was a s s o c ia t e d  c l i n i c a l l y  w ith  a 
•n o d u le 1 a t  the lim b u s, the l a t t e r  a lw ays turned  out to  be 
a p in g u ecu la *  I n  some o f  the b i o p s ie s ,  a few  c a p i l l a r i e s  were  
found  p r o j e c t in g  in to  the c o rn ea l t i s s u e ,  u s u a l ly  b u t n o t a lw ays  
ru n n in g  betw een  Bowman’ s membrane and the e p ith e liu m ; th ey  
appeared  i n  th e  c r e s c e n t  o f  co rn ea l o p a c i f i c a t io n .  The l a t t e r  was 
n o t due to  oedema and an o v erflo w  o f  in flam m atory c e l l s ,  a s  i t  
seemed c l i n i c a l l y ,  but to  f ib r o s i s ;  a few  inflam m atory c e l l s  
were p r e s e n t ,  but too  few  to  accou n t f o r  the c l i n i c a l  p ic t u r e .
The b io p s ie s  were a l l  taken  from 3 or 9 o ’ c lo c k ,  c lo s e  to
the lim b u s, and in c lu d ed  a sm a ll p ie c e  o f  the a d ja c en t co rn ea .
The q u e s t io n  a r i s e s  a s  to  whether or n ot the changes fou n d ,
e s p e c i a l ly  i n  the case  o f  the c o n ju n c t iv a l e p ith e liu m , were due
to  th e  d is e a s e  or to  exposure, h e a t and m a ln u tr it io n , a l l
undoubted f a c t o r s  i n  the t r o p ic s .  A p e r ip h e r a l r in g  o f  c o r n e a l
o p a c i f i c a t io n  runn ing round the e n t ir e  c ircum ference o f  the lim bus
13has been  d e sc r ib e d  by the w r ite r  e lsew h ere  (Rodger ) • At f i r s t  
s ig h t  i t  appears to  be an arcus s e n i l i s .  M ic r o s c o p ic a lly  i t  
d i f f e r s !  i t  i s  n ever  in te r r u p te d ; i t  in v o lv e s  the a n te r io r  p a r t  
o f  th e  strom a o n ly ; nor does i t  s t a i n  w ith  Sudan I I I .  I t  
c o n s is t s  o f  f ib r o b la s t s  and a few  ch ro n ic  inflam m atory c e l l s ,  
which p a ss  under th e  lim bus w ith ou t any lu c id  in te r v a l*  The 
w r ite r  has c a l l e d  t h is  r in g  an arcu s t r o p ic a l i s ,  b e in g  con v in ced
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th a t  i t  i s  cau sed  by the c l im a t ic  and d ie ta r y  c o n d it io n s  p r e v a i l in g  
i n  th e  t r o p ic s * However, i n  o n ch o cerca l l i m b i t i s ,  th e  c o r n e a l  
o p a c i f i c a t io n  corresp on d in g  to  th e  a r c  o f  th e  lim bus w hich i s  
in fla m ed  i s  superim posed in  advance o f  any arcu s t r o p i c a l i s .  
M oreover, a lth o u g h  i t  i s  d i f f i c u l t  to  conclu de what th e  normal 
appearance o f  th e  ep ith e liu m  may be i n  t h i s  p a r t o f  th e  b u lb , i t  
a p p e a r s , i n  com parison w ith  ey e s  n o t s u f f e r in g  from a l i m b i t i s ,  
th a t  we have i n  the l a t t e r  a tru e  m eta p la s ia  o f  th e  e p ith e liu m  
due to  the p a r a s i t e s .  About the rem ainder o f  the p a t h o lo g ic a l  
changes th ere  can be no doubts: th e  v a s c u la r  r e a c t io n  i s
c h a r a c t e r i s t i c ,  a s  are the changes rung betw een p r o l i f e r a t io n  
and d e g e n e r a tio n .
3 . SUPERFICIAL PUNCTATE KERATITIS
The o p a c i t ie s  l i e  on e i t h e r  s id e  o f  Bowman’ s membrane, 
and o n ly  o c c a s io n a l ly  more d eep ly  i n  th e  strom a. The w r ite r  has 
u sed  the d e s c r ip t iv e  term s ’m orula’ , ’ p a tc h ’ , and ’ halo* to  d e sc r ib e  
the commonly p r e sen t o p a c i t ie s  a s  v iew ed  w ith  the s l i t la m p  (R odger1 ^ 
I n  th e  a c t iv e  s ta g e  o f the k e r a t i t i s ,  w hatever i t s  c a u se , i t  i s  the  
’m orula’ type which i s  found; t h is  c o n s is t s  o f  a round c o l l e c t i o n  
o f  d i s c r e t e  g r e y is h —y e llo w  d ots l ik e  a m ulberry. I n  o n c h o c e r c ia s is  
t h is  c o l l e c t i o n  i s  l e s s  l i k e l y  to  be round, b e in g  g e n e r a lly  
p o ly h e d r a l and i s  u s u a l ly  much b ig g e r  i n  s i z e  than th o se  due to  a  
v ir u s ;  p u n cta te  o p a c i t ie s  can vary  from 0 .25  mm. to  2 mm., the
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la r g e r  b e in g  d e sc r ib e d  a s  nummular by some w ork ers5 i n  m ost 
c a s e s  o f  o n c h o c e r c ia s is  the g r e a te r  d iam eter  i s  th e  ru le*  The 
common ap p earan ce, th en , i s  o f a y e llo w is h - g r e y  o p a c ity  co n tig u o u s  
w ith  one or o th e r  s id e  o f  Bowman’ s zon e , u s u a l ly  p o ly h e d r a l and 
about 2 mm® i n  d iam eter. As the d is e a s e  c o n tin u es  the o p a c i t i e s  
are  l o s t  i n  ^he g r e a te r  in vo lvem en t o f  the cornea con seq u en t upon 
the developm ent o f  a s c le r o s in g  k e r a t i t i s .  They may c o a le s c e  
w ith  each  o th e r  or  become p a r t o f  th e  g e n e r a lis e d  k e r a t i t i s ,  
submerged i n  the advancing  pannus. I n  c a se s  su p p osed ly  s e l f -  
l im i t in g ,  th e  p u n cta te  k e r a t i t i s  undergoes h e a l in g . As th e r e  i s  
some doubt about the d ia g n o s is  and p a th o g e n e s is  o f the p u n cta te  
l e s io n s  we cannot say  f o r  sure th a t  the o p a c i t ie s  due to  
o n c h o c e r c ia s is  h e a l;  i n  th ose  supposed  to  be due to  onchocer­
c i a s i s ,  n e v e r th e le s s ,  the w r ite r  has seen  the in d iv id u a l  d o ts  o f  
the ’ m orula’ fu s e  to  form a uniform  ’ patch ' , which i n  tu rn  s t a r t e d  
to  c le a r  from the cen tre  so  th a t  i t  came to  look  l ik e  a ' h a l o ' ,  
whence i t  co n tin u ed  to  fade u n t i l  no tr a c e  rem ained. P e r s is t e n c e  
i n  any shape or  form on the o th er  hand i s  common* F i n a l ly , i t  
sh o u ld  be n o ted  th a t  t h is  sequence o f  e v e n ts  i s  n o n - s p e c i f ic ,  
b e in g  e q u a lly  r e le v a n t  to  any o f  th e  o th e r  typ es o f  p u n cta te  
k e r a t i t i s  so  commonly found in  the tr o p ic s*
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M ic r o sco p ic  appearances:
A lthough  we have e x c is e d  many c o r n e a l o p a c i t i e s  o f  th e
th r e e  d e s c r ip t iv e  ty p e s , the in t e n t io n  a t  the tim e was to  a s c e r t a in
w hether or n o t m f. were p r e sen t in  them; the procedure ad op ted  was
to  s t a i n  the e x c is e d  o p a c ity  in  b u lk  ( i t  was surrounded by a m argin
o f  h e a lth y  cornea) and examine i t  on the f l a t .  P a r a s it e s  were
never  fo u n d . Where l i v i n g  m f. were s e e n  w ith  the s l i t  lamp on
s e v e r a l  o c c a s io n s  the p ie c e  o f  cornea c o n ta in in g  the p a r a s it e  was
e x c is e d ,  and su b seq u en tly  b lock ed  and s e c t io n e d ;  h ere no
inflam m atory  r e a c t io n  was e v e r  o b serv ed . Only i n  two p a t ie n t s  were
p u n cta te  o p a c i t ie s  e x c is e d , b lo ck ed  and s e c t io n e d  and s ta in e d
v a r io u s ly ;  one o f  th e se  c a se s  s u f fe r e d  from o n c h o c e r c ia s is .  As
the o p a c ity  was o f  the p atch  type i t  en a b le s  us to  g iv e  a good
m ic r o sco p ic  d e s c r ip t io n  o f a h e a le d  o p a c ity  in  a q u ie t  e y e .
O p a c it ie s  more c h a r a c t e r is t ic  o f  a c u te  or ch ron ic  o n c h o c e r c ia s is
were p r e se n t  in  s e v e r a l  whole e y e b a lls  e x c is e d  p r im a r ily  f o r  o th e r
r e a so n s , bu t i d e n t i f i c a t io n  o f  in d iv id u a l  ones i s  n o t e a s y . The
m ic r o sco p ic  appearances now to  be d e sc r ib e d  have been b u i l t  up
from a l l  th e se  so u rces  o f  in fo r m a tio n . I t  must be s t a t e d ,  how ever,
a t  the o u t s e t  th a t  the w r ite r  i s  p r e s e n t in g  a h y p o th e t ic a l  sequence
o f  e v e n ts  a s  to  the course taken i n  p u n cta te  k e r a t i t i s ,  each  one
o f w hich i n  i t s e l f  i s  a c c u r a te , but th e  p a tte r n  o f  the w hole n o t
n e c e s s a r i ly  s o .
When a p a r a s ite  f in d s  i t s  way below  Bowman's membrane 
and d ie s  th e r e ,  i t  has a lrea d y  been shown in  S e c t io n  I  th a t  i t
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a t t r a c t s  to  th e  sp o t i n  g rea t abundance s e v e r a l  ty p es  o f  in flam m atory  
c e l l  such  a s  the e o s in o p h il  l e u c o c y t e ,  th e  plasma c e l l  and to  a  
l e s s e r  degree  the lym phocyte. When th e  p a r a s ite  p a s s e s  above  
Bowman’ s  membrane, e x a c t ly  the same sequence o f  e v e n ts  happ en s.
There i s  n o th in g  i n  t h is  s t a t e  o f  a f f a i r s  which i s  l i k e l y  to  
produce th e  m inute d is c r e te  o p a c i t i e s  t y p ic a l  o f a c l a s s i c  
p u n cta te  k e r a t i t i s  (a s  the photom icrographs show ), nor h as any 
o th e r  e v id en ce  been  ob ta in ed  which s u g g e s ts  i t .  The c l a s s i c  
v i r a l  p u n cta te  k e r a tid e s  so  commonly found i n  a s s o c ia t io n  w ith  
o n c h o c e r c ia s is  are  th o se , we b e l i e v e ,  where the o p a c ity  i s  round 
and sm a ll;  bu t th ere  i s  n o th in g  round and sm all in  the c o l l e c t i o n  
o f  in flam m atory  c e l l s  we d isc o v e r e d  i n  the a cu te  o n ch o cerca l e y es  
we exam ined, a s  s e r i a l  s e c t io n s  w e l l  show. T his su p p o rts  our 
v iew  th a t  th e  p u n cta te  k e r a t i t i s  o f  o n c h o c e r c ia s is  ( i n  i t s  
a c u te  s ta g e  p a r t ic u la r ly )  o n ly  b ea rs a s u p e r f ic ia l  resem blance  
to  th e  v i r a l  ty p e s , the o p a c i t ie s  b e in g  on the whole la r g e r  and 
d en ser  a s  w e l l  a s  l e s s  round.
The la r g e  o p a c ity  formed around the dead p a r a s it e  a s  i t  
fragm ents d u rin g  the acu te  phase o f  the k e r a t i t i s  w i l l  in  the end 
e i t h e r  v a n ish  in t o  the advancing bu lk  o f  an a s s o c ia t e d  pannus, 
when i t s  in d iv id u a l i t y  w i l l  go , or th e  nature o f  i t s  i n f i l t r a t e  
w i l l  change, and the c e l l s  form ing the o p a c iiy  u l t im a te ly  become 
ab sorb ed . One would ex p ect when th e  lo c u s  i s  below  Bowman’ s  
membrane th a t  th e  accompanying f i b r o s i s  w i l l  lea v e  a permanent
scar, and alternatively, when above the membrane, that there 
will be no residuum. This is not the case, for an opacity 
clinically demonstrable as the latter we have found to depend 
on structural changes in the epithelium only.
Where, then, a parasite dies above Bowman's membrane, 
the early appearances are those due to the local aggregation of 
eosinophil leucocytes and the fragmenting body; the nature of 
the infiltrate then slowly changes until plasma cells displace 
the eosinophil; the close association of the toxins with the 
epithelium apparently causes it to atrophy; the cells become 
disordered and flattened; the nuclei are pyknotic and their 
alignment generally horizontal; PAS does not stain the muco- 
proteins of the basement membrane; pigment granules invade the 
cells at all levels, sitting like caps on the outer side of the 
nuclei, occupying the external part of the cell body. When the 
last of the inflammatory cells has become absorbed, it is these 
epithelial changes alone which persist.
If, on the other hand, the parasite dies in the stroma 
of the cornea below Bowman's membrane, although the changing 
nature of the inflammatory cells follows the same course, there 
is the extra complication of the stimulating effect the toxins 
have on the fibroblasts; being at a greater distance from the 
toxins (on the far side of Bowman's membrane), the epithelial 
cells do not this time become atrophic but are like the presumably 
tougher fibroblasts stimulated to proliferate. As a result the
e p ith e liu m  becomes h y p e r tro p h ic , i t s  n u c le i  s t a in in g  d a r k ly ,  
b u t o th e r w ise  norm al. i n  a d d it io n  th e  basem ent membrane s t a in s  
d e n se ly  w ith  PAS; i t  i s  th ic k e r  than normal and i s  d iso r d e r e d  
and g r a n u la r . I n  the r e g io n  o f  th e  p a r a s ite *  s supposed  grave  
i n  th e  strom a, once the inflam m atory c e l l s  have d isap p eared  and  
the l e s i o n  q u ie te n e d  down, a l l  th a t  rem ains i s  an e x c e s s iv e  
c o l l o c a t i o n  o f  d is o r ie n ta te d  c o l la g e n  f ib r e s  which s t a i n  h e a v i ly  
w ith  PAS; the h y p e r p la s t ic  e p ith e liu m  l i e s  d ir e c t ly  above*
Thus i t  i s  th a t  p e r s is t a n t  o p a c i t ie s  e x i s t  i n  the q u ie t  eye  both  
above and below  Bowman's membrane, a lth o u g h  u n fo r tu n a te ly  th e re  
i s  n o th in g  s p e c i f i c  i n  the appearances to  d is t in g u is h  them i n  
th e  l a t e  s ta g e s  from c o rn ea l o p a c i t ie s  o f  o th er  o r ig in .
4* SCLEROSING KERATITIS
The e s s e n t i a l  changes h ere a re  th ose  o f  r e p a ir ,  the  
dominant f e a tu r e  pannus fo rm a tio n . I n  a tra n sp a ren t t i s s u e  l ik e  
the cornea  the damage r e s u l t s  from the s t im u la t in g  e f f e c t  o f  the  
d is e a s e  on th e  corn ea l f ib r o b la s t s .  L oss o f  t h e ir  tra n sp a ren cy , 
i t  seem s, depends not so  much upon an a l t e r a t io n  o f the p la n e s  
in  which th ey  l i e  a s  o f  t h e ir  chem ica l n a tu r e .
The c l a s s i c  s i t e  o f pannus onchocercosus i s  betw een  
Bowman's membrane and th e  e p ith e liu m  i n  the s i t u a t io n  o f  pannus 
d e g e n e r a tiv u s • There i s  some d isagreem ent about the c o n s t i t u t io n  
o f  the l a t t e r ;  some workers say  i t  i s  r ic h  i n  v e s s e l s  and round  
c e l l s ,  o th e r s  th a t  i t  has few  or no v e s s e l s  and i s  u n a s s o c ia te d
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w ith  in flam m atory  c e l l s .  W hatever the o p in io n s  h e ld  th e  pa-nmifi 
o f  o n c h o c e r c ia s is  sh ou ld  never he co n fu sed  w ith  pannus d e g e n e r a tiv u s ,  
a s i t  i s  d i s t i n c t i v e  i n  c h a r a c te r . I n  advanced c a s e s  pannus 
o n ch ocercosu s i s  a l s o  found i n  th e  strom a; h ere i t  i s  i n  a l l  
r e s p e c t s  i d e n t i c a l  w ith  the pannus found  above Bowman’ s membrane.
The n a tu re  o f  the i n f i l t r a t e  d is t in g u is h e s  i t  from pannus 
ecze m a to su s . Sometimes i t  advances f a r  i n  towards the ap ex  from  
the p e r ip h e r y , a t  o th er  tim es i t  e x i s t s  a s  i s la n d s  i n  the strom a  
a p p a r e n tly  i s o l a t e d  from the lim b a l v a s c u la tu r e , i f  th a t  i s  
p o s s ib le .  These i n t e r s t i t i a l  p a tch es  are u s u a l ly  on ly  10 -50  |i 
t h ic k .  The p o s t e r io r  th ir d  o f  the strom a n ever  was found to  be 
in v o lv e d .
The k e r a t i t i s  o f  o n c h o c e r c ia s is  may be a s s o c ia t e d  w ith  a  
p u n cta te  k e r a t i t i s ;  i t  i s  alw ays a s s o c ia t e d  w ith  a l i m b i t i s ,  
marked c o n g e s t io n  o f  the lim b a l v e s s e l s  b e in g  a f e a t u r e . The 
pannus n ev er  o r ig in a te s  in  the upper h a l f  o f  the cornea; i t  
u s u a l ly  s t a r t s  a t  5 or 9 o’ c lo c k  in  th e  form o f  in v a d in g  to n g u es;  
som etim es i t  commences a s  an apron , ad van cin g  in to  the cornea from  
below  towards i t s  ap ex . F u sion  o f  the tongues or o f  th e  tongues  
and ap ron , when b oth  are p r e s e n t , i s  the r u le ,  and u l t im a te ly  
le a d s  to  t o t a l  o p a c i f ic a t io n  o f  the corn ea . With the s l i t  lamp 
a tongue o f  pannus c o n s is t s  o f  th ree  zones a s  f o l lo w s ,  r e a d in g  from  
the lim bus inw ards: a pigm ented, a d e n se ly —w h ite  and a grey  zone
(R odger1^ ) .
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M icro so o p io  appearances:
The e a r ly  changes i n  th e  cornea when a p a r a s it e  d ie s  th e r e in  
have a lr e a d y  been  d esc r ib e d  i n  t h is  th e s is *  Pannus fo rm a tio n  i s  a  
developm ent o f  th e  l a s t  phase m entioned th e r e . T h e r e a f te r , when 
the c h a r a c t e r i s t ic  s c le r o s in g  k e r a t i t i s  has commenced, new 
c a p i l l a r i e s ,  f ib r o b l a s t s ,  and inflam m atory c e l l s ,  o f  w hich plasm a  
c e l l s  a re  m ost abundant and e o s in o p h il  le u c o c y te s  alw ays p r e s e n t ,  
can be s e e n . The c l a s s i c  s i t e  o f  th e  pannus, a s  we have s e e n  
c l i n i c a l l y ,  i s  above Bowman’ s membrane, a lth o u g h  i t  may a l s o  e x i s t  
b elo w . T h is  membrane does n ot seem to  be r e a d ily  d e str o y e d ; i t  
i s  o n ly  i n  th e  more advanced c a se s  th a t  t h is  happens. I t  ten d s  
r a th e r  to  be pushed out o f  the way, u n t i l  the f ib r o b la s t s  by fo r c e  
o f  numbers break i t  down and i t s  c o n t in u ity  i s  l o s t .  The pannus 
push es i t s e l f  in t o  the cornea i n  the shape o f  a wedge, so  th a t  i t s  
in nerm ost ad van cin g  p o r t io n  i s  th e  m ost t h in .  This e x p la in s  the  
in n e r  o f  th e  th r ee  zo n es , the g rey , se e n  c l i n i c a l l y ,  f o r  h ere  the  
o p t ic a l  d e n s i ty  i s  l e a s t ;  above a c e r t a in  th ic k n e ss  o f  pannus no 
l i g h t  i s  tr a n sm itte d  a t  a l l  and the c o lo u r  changes to  w h ite . T his  
i s  the m idd le zo n e . The b a sa l p igm ented zone i s  so  d e s ig n a te d
because the e p ith e liu m  takes up p igm ent. The d is t r ib u t io n  o f the
below
l a t t e r  w i l l  be d e sc r ib e d /a lo n g  w ith  th e  e p i t h e l i a l  ch an ges. The 
e l a s t i c  f ib r e s  d isap p ear throughout the strom a wherever i t  i s  
in v o lv e d  i n  the inflam m atory r e a c t io n ;  the w r ite r  has n ever been  
a b le  to  ob serve changes e i t h e r  in  D escem et’ s  membrane or  i n  th e
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stro m a l e l a s t i c  t i s s u e  ly in g  n e x t i t ,  a lth o u g h  w ith  d i s t o r t io n s  
due to  pannus form ation  the form er may seem to  be changed  
c l i n i c a l l y «
The e p ith e liu m  o f the cornea e a r ly  on becomes h y p e r p la s t ic  
and th e  n u c le i  s t a in  more dark ly  above the area  o f pannus0 
M e ta p la s ia  fo l lo w s  u n t i l  i n  the end e a r ly  k e r a t in i s a t io n  i s  seen*  
P igm ent i n  the c o rn ea l e p ith e liu m  e x i s t s  a t  a l l  l e v e l s  i n  c le a r  
c e l l s ,  b u t the g r e a te s t  accu m u lation  o f  i t  i s  to  be found i n  the  
w ing and b a s a l c e l l s ,  the gran u les  occu p yin g  the o u te r  h a lv e s  o f th e  
c e l l  b o d ie s ,  a s  we saw in  the c o n ju n c tiv a . T his h yp erp igm en ta tion  
appears to  be a (m e la n o b la st ic )  p ro p erty  o f  the r e s t in g  e p i t h e l i a l  
c e l l  r a th e r  than an in v a s io n  by chrom atophores or th e  r e s u l t  o f  
e x c e s s iv e  p ro d u ctio n  o f  m elan in  by known lim b a l m elan ob lasts*
I n  lo n g s ta n d in g  c a se s  e p i t h e l i a l  p ig m en ta tio n  may be a lm o st t o t a l .
As the k e r a t i t i s  advances in to  a ch ro n ic  or q u ie sc e n t  p h ase , the  
e p i t h e l i a l  hypertrophy d im in ish es and a tr o p h ic  th in n in g  d e v e lo p e s .
The s u r fa c e  th en  becomes uneven because the p r o c e sse s  o f  a trop h y  do 
n ot o ccu r  e q u a lly  over the e n t ir e  co rn ea . I t  i s  a t  t h i s  s ta g e  th a t  
Bowman’ s membrane u s u a l ly  fragm en ts, and c a l c i f i c a t i o n  o f  the mem­
brane and the a d ja cen t stroma commences. I n  o ld  c a s e s  o f  on ch ocerca l 
e n d o p h th a lm it is , e p i t h e l i a l  b u lla e  probably  r e s u l t  from secon d ary  
glaucom a, a lm ost c e r t a in ly  b e in g  due to  p ock ets  o f  f l u i d  ( k e r a t i t i s  
b u llo s a  or v e s ic u la ta )  which l a t e r  become f i l l e d  i n  w ith  f ib r o u s  
t i s s u e .
The v e s s e l s  o f  the pannus p e r s i s t  f o r  a v ery  lo n g  tim e, 
the p r o l i f e r a t in g  f ib r o b la s t s  ly in g  more or l e s s  p a r a l le l  to  them;
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i t  i s  th e  n atu re  o f  the i n f i l t r a t e  w hich ch a n g es. I n  th e  e a r ly
s t a g e s ,  a s  we have s e e n , e o s in o p h il  le u c o c y te s  are  found among th e  
plasm a c e l l s ;  e a r l i e r  s t i l l ,  b e fo r e  pannus d ev e lo p ed , the form er  
were th e  dominant c e l l s  ly in g  b e s id e  th e  d is in t e g r a t in g  body o f  
th e  p a r a s it e ;  th ey  are the f i r s t  to  d e c r e a s e . In  an advanced  
k e r a t i t i s ,  th e r e f o r e ,  the i n f i l t r a t e  c o n s is t s  o f  plasm a c e l l s ,  an  
o c c a s io n a l  group o f  lym ph ocytes, plasm a c y to id  c e l l s  i n  n o t  
in c o n s id e r a b le  numbers, and on ly  a few  e o s in o p h il  le u c o c y te s ;  a 
good p la c e  to  lo o k  f i r s t  f o r  th e  l a t t e r  i s  i n  th e  c o n g e ste d  b lo o d ­
v e s s e l s  o f  th e  pannus a lo n g  the p e r ip h e ry  o f  the b lood stream . No 
c l a s s i c  macrophage or g ia n t  c e l l  was s e e n  i n  the i n f i l t r a t e d  t i s s u e  
o f  the cornea nor d id  we f in d  any R u s s e l l  b o d ies  i n  t h i s  s t r u c t u r e ,  
a lth o u g h  th e y  are  common in  the u v ea . As in  endemic a r e a s  r e p e a te d  
in v a s io n  o f  the eye i s  to  be e x p e c te d , so  a com p lica ted  p ic tu r e  
u s u a l ly  a r i s e s  where acu te  and ch ro n ic  changes o v e r la p , and t h i s  may 
w e ll  e x p la in  why i n  lo n g sta n d in g  c a s e s  e o s in o p h il  le u c o c y te s  are  
s t i l l  p r e s e n t;  i n  h e a led  a r e a s , th ey  m i^ it  be ex p ec ted  to  d isap p ear  
i f  i t  were n o t f o r  t h i s .  They n ever  dom inate the p ic t u r e ,  how ever, 
a s  th ey  do i n i t i a l l y  in  the a cu te  s ta g e ,  e x cep t l o c a l ly  where a 
p a r a s it e  i n  the e a r ly  s ta g e s  o f d i s s o lu t io n  e x i s t s .
As m entioned e a r l i e r ,  in  a s s o c ia t io n  w ith  t h i s  s c le r o s in g  
k e r a t i t i s  th ere  i s  marked c o n g e s tio n  o f  the lim b a l v e s s e l s ,  which  
are in v a r ia b ly  c u f fe d  w ith  plasma c e l l s .  As in v a s io n  o f th e  eye by mf. 
v ia  the lim b a l rou te  i s  go in g  on a l l  the tim e , and a s  the l i f e  o f  
the p a r a s it e  i s  a sh o r t one, t h i s  i s  to be e x p e c te d . H ere, to o ,
fibroblastic repair is a feature, so that adhesions between the 
conjunctiva and the bulb at the limbus are common. The internal 
elastic lamina of the limbal vessels becomes defective, and the 
scleral elasticum also stains badly. Parasite bodies are found 
in a heavily-infected eye throughout all parts of the cornea in 
different stages of dissolution, and present a remarkable if 
somewhat confusing picture. We have found as many as ten in one 
section (f |i) of cornea.
5 . ANTERIOR UVEITIS
The microscopic appearances of the iris and ciliary body 
will be described under this single clinical term, although where 
there is onchocercal disease of these structures the anterior 
choroid is usually affected in consequence; in fact in severe cases 
the entire choroid will be affected, the condition being one of an 
endophthalmitis. We obtained slight but authentic evidence, 
nevertheless, that the posterior uvea can be attacked alone in the 
absence of anterior involvement, and so for this reason will discuss 
choroidal changes separately under the heading of posterior uveitis.
The classic anterior uveitis of onchocerciasis exhibits 
occlusion of the pupil, frequent adhesions at the angle of the 
anterior chamber or at the posterior corneal face, and quite often 
a mass of tissue lying in the position one associates with hypopyon.
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In acute eyes these inflammatory exudates are soft and yellow,
in long-standing they are tough, white and fibrinous. The latter
lead to distortions of the pupil, characteristically in a downward
direction so that it becomes pear-shaped. Where the occluding
membrane becomes wholly or partially absorbed there is nothing
specific in the clinical picture, so that it is harder to diagnose
than, say, the keratitis. It is in the writer’s view the acute
phase which determines the prognosis; he has written elsewhere 
15(Rodger supplying evidence that such acute attacks occur, 
although this hitherto had been denied; the truth of the matter 
is that the course of the disease is punctuated by acute attacks 
of very short duration. If such an attack is severe, the inflammatory 
exudate will be great, and there is less chance of absorption 
occurring. The factors which determine the amount and degree of 
exudation are complex, and have been discussed in the previous part 
of this thesis. When we take all these facts into consideration 
it is clear that to classify the lesion as either 1 non-granulomatous* 
or ’granulomatous' is not possible; a short mild attack where the 
exudate is absorbed leaving few signs behind (characteristic of the 
former) is just as common as a long-standing one punctuated with 
acute phases which lead to occlusion or some other gross residuum 
(characteristic of the latter). In the description which now 
follows, the course of events is traced microscopically from the 




If it is the extra-iridal exudate which dominates the 
clinical picture it should be the nature of the infiltrate within 
the tissue which dominates the microscopic picture - as it did in 
the case of the keratitis, where a high significance may be placed 
on the presence of eosinophil leucocytes beside disintegrating 
parasites. In fact, so dense is the pigment in the African uvea
that there is no question that it is the pigment changes which are 
the most striking. We also found them the most interesting.
The toxic products of the raf. bodies lead to great 
activity on the part of the pigment cells. In the first 
instance, it is those of the posterior pigment epithelium which 
are stimulated. Even in apparently healthy eyes a few of these 
cells can be seen to have broken away and passed into the iris stroma; 
usually they lie not far from the maternal epithelium, but some 
pass close to the anterior face of the iris. Characteristic of 
the cell is the appearance which has been described as 'clumped'.
The clump cell, whether free or fixed, is the melanoblast of 
the iris. The stimulus of the first parasitic toxins causes 
many of them to break away immediately into the iris stroma, a 
tendency most marked at the root; at the same time they step up 
the manufacture of pigment granules; these are shed into the 
tissues. W© have never been able to see how the granules come 
to be liberated; the cell membrane does not seem to rupture; 
the granules appear to move out through the surface in a manner 
impossible to understand. Whatever the mecnanism, as
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the u v e i t i s  in c r e a s e s  i n  i n t e n s i t y ,  v a s t  numbers o f  th e se  g r a n u le s  
can be s e e n  l y in g  f r e e  i n  the strom a. I n  t h i s  way th e  seco n d  
pigm ent c e l l  o f  th e  i r i s ,  the chrom atophore, comes in t o  th e  p ic t u r e .  
The l a t t e r  can  be se e n  a t  t h i s  tim e v e r y  a c t iv e ly  rep rod u cin g  
th e m se lv e s;  m it o t ic  f ig u r e s  a re  common, b e in g  more r e a d i ly  s e e n  i n  
the l e s s  dense chromatophore than in  the very  d a rk -co lo u red  clump 
c e l l .  As soon  a s  the chromatophore i s  form ed i t  s t a r t s  ta k in g  up 
th e  su r p lu s  g r a n u le s . C l in ic a l ly  th e  l e s i o n  i s  s t i l l  a c u te  when 
th e  chrom atophores th em selves w ithdraw  t h e ir  p r o c e sse s  and adopt 
the sh a p e , i f  n o t the c o lo u r , o f  th e  clump c e l l .  I t  seem s probab le  
th a t  i n  th e  p e r io d  between b e in g  r e le a s e d  by the clump c e l l  and 
p ick ed  up by the chromatophore the g ra n u les  undergo a change, 
p robab ly  a ch em ica l one; t h is  would e x p la in  why t h e ir  s i z e  i s  
g r e a te r  i n  the m ela n o b la st than in  th e  chrom atophore. The l i g h t e r  
c o lo u r  and th e  sm a lle r  s i z e  alw ays e n a b le s  u s to  d is t in g u is h  th e  
l a t t e r  from th e  form er, even  a f t e r  each  has become clum ped.
B oth c e l l s  ten d  to  a t ta c h  th em se lves  to  the w a lls  o f  the  
b lo o d v e s s e l s ,  but i n  view  o f  the g r e a t p r o l i f e r a t io n  o f  pigm ent 
c e l l s  and v e s s e l s  t h i s  may n ot be p u r p o se fu l. We have found  
t r a n s i t io n a l  form s betw een the amoeboid— and the clum p-shaped  
chrom atophore in  a cu te  e y e s , so  th ere  i s  no doubt what i s  h app en ing. 
L ater  on i n  the cou rse o f  the u v e i t i s  th ey  become in c r e a s in g ly  dark 
i n  c o lo u r  u n t i l  i t  i s  im p o ss ib le  to  d is t in g u is h  them from e p i t h e l i a l  
clump c e l l s ;  one g e ts  the im p r e ss io n , n e v e r th e le s s ,  th a t  th e  
m ela n o b la st alw ays remains the la r g e r .  I n  a d d it io n  to  th e  g r e a t ly
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in c r e a s e d  a c t i v i t y  o f  th e  e p i t h e l i a l  clump c e l l s  w ith in  th e  strom a  
i n  r a i s i n g  the p ro d u ctio n  o f  pigm ent (w h ich  makes one wonder 'w h y ? ') ,  
and o f  th e  chrom atophores i n  m u lt ip ly in g  and sca v en g in g  the g r a n u le s ,  
b oth  ty p e s  o f  c e l l  g ra d u a lly  assem ble a lo n g  th e  a n t e r io r  f a c e  o f  
the i r i s ;  th ey  a l s o  co n cen tra te  in c r e a s in g ly  a t  the p u p il la r y  
m argin among and i n  th e  neighbourhood o f  th e  in n e r  c i r c l e  c a p i l l a r i e s  
and sm ooth m uscle f i b r e s .  As a r e s u l t  o f  t h is  a c t i v i t y  i n  the a c u te  
and su b acu te  s ta g e s  the p ic tu r e  p r e se n te d  i s  o f  an i r i s  e tc h e d  i n  
b la c k  w ith  a la r g e  p o lk a -d o t d e s ig n  w ith in  i t .
I n  th e  e s ta b l is h e d  ch ro n ic  a n t e r io r  u n v e i t i s ,  the pigm ent 
e p i t h e l i a l  c e l l s  which have not m igrated  in t o  th e  strom a have become 
so  s w o lle n  th a t  th ey  now form what appears to  be a con tin u o u s b la ck  
band o f  pigm ent; in  b leach ed  s e c t io n s  th ey  lo o k  l ik e  a  l i n e  o f  
com pressed c u sh io n s;  each  o f  cou rse  i s  s im p ly  a f ix e d  clump c e l l .  
T h is i s  c h a r a c t e r i s t ic  o f  a ch ro n ic  a n t e r io r  u v e i t i s ;  i n  p la c e s  
s e v e r a l  |i lo n g , u s u a l ly  near the r o o t whence the e a r l i e s t  and 
g r e a t e s t  m ig r a tio n  o c cu rs, the pigm ent e p ith e liu m  i s  t o t a l l y  
depigm ented , and the few  r e s id u a l  c e l l s  have a tr o p h ie d . There i s  
u s u a l ly  a membrane adherent p o s t e r io r ly  to  the e p ith e liu m  a t  th e se  
p la c e s ,  i n  the f i b r i n  o f which ch ro n ic  inflam m atory c e l l s  are  
e n ta n g le d . A s im i la r  cu sh io n in g  occu rs i n  the c e l l s  which have  
m assed a lo n g  the a n te r io r  f a c e ,  a lth o u g h  here the fu s e d  band o f  
pigm ent i s  n ot so  smooth in  o u t l in e ,  nor i s  th ere  any ev id en ce  o f  
d ep igm en ta tion  u n t i l  much l a t e r .  Clump c e l l s  o f  b o th  ty p e s  s t i l l  
abound in  th e  strom a, but th ere  i s  in  p la c e s  u s u a l ly  e v id en ce  now
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of a return to normality, for the processes of some of the 
chromatophores have started to reappear; the pigment within, 
however, is still dense.
When the processes of healing are complete and the eye 
becomes quiet, the most striking microscopic feature is the greatly 
decreased intensity of the pigment in the chroma tophores. Once 
more they can be recognised by their elongated processes, but they 
are paler than in health and are compressed, lying parallel with 
the surface. The greater area covered now by these elongated 
cells as compared with the small spherical shapes when they were 
clumped gives them the appearance of sardines packed into the iris, 
layer upon layer. The row of pigment cells along the anterior 
face has become thin and in places depigmented, as we saw happened 
earlier in the case of the posterior epithelium; the appearance of 
the latter is much the same. Here and there an occasional clump 
cell can still be seen in the stroma, its dark colour in striking 
contrast to the other pale chromatophores, whidi helps to remind us 
of the inflammatory storm that has now subsided. Many of the 
capillaries are heavily coated with pigment, the lumina often being 
occluded. There are no longer any signs of mitosis; no longer do 
surplus granules lie everywhere; no longer are collections of clump 
cells found in every available corner; one gets the vivid impression 
that a party is over. Clinically the iris is faded and limp0
The description of the pigment changes in the iris should 
be supplemented by those in the ciliary body which are less dramatic
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bu t somewhat s im i la r .  The pigm ented and the nonpigmented e p ith e liu m  
a re  b oth  in v o lv e d . There i s  some m ig r a tio n  o f  the c e l l s  in t o  th e  
strom a o f  the p r o c e s s e s ,  but n ot a g r e a t  d e a l;  the more u s u a l ro u te  
i s  on to  the su r fa c e  o f  the c i l i a r y  e p ith e liu m . Here th e  l ib e r a t e d  
g ra n u les  l i e  i n  a c y c l i t i c  membrane where th ey  are p ick ed  up and 
in g e s t e d  by w andering c e l l s .  L oca l p r o l i f e r a t io n  i n  p la c e s  i s  
a s s o c ia t e d ,  a s  i n  th e  case  o f  the i r i s ,  w ith  l o s s  o f  pigm ent i n  
o t h e r s •
Subsequent to  such  c o m p lic a tio n s  a s  p o s te r io r  s y n e c h ia e ,  
where th e r e  has been gross  p r o l i f e r a t io n  and m ig ra tio n  o f  pigm ent 
in t o  th e  p u p il la r y  a r e a , th ere  i s  l i k e l y  to  r e s u l t  e c tr o p io n  o f  the  
p o s t e r io r  e p ith e liu m  or d ep igm en tation  o f  the f r in g e .
I f  th e  pigm ent changes s t r ik e  the eye most r e a d i ly ,  th e  
v a s c u la r  changes are  a lm ost a s  rem arkable. I n  the e a r ly  a c u te  phase  
the v e s s e l s  become h e a v ily  c o n g e ste d , the w a lls  d i l a t e ,  inflam m atory  
c e l l s  -  o f  which by fa r  the g r e a te s t  number are  e o s in o p h il  le u c o c y te s  
-  can be s e e n  l i n i n g  th e  e n d o th e lia l  w a l l s ,  and r e d u p lic a t io n  o f  
v e s s e l s  commences. The l a t t e r  i s  m ost prom inent a t  the in n e r  
p u p il la r y  m argin , which s w e l ls  to  tw ice  i t s  r e s t in g  s i z e  a s  a r e s u l t .
When th e  a n te r io r  u v e i t i s  becomes e s ta b l is h e d  and p a sse s  
from th e  subacute to  ch ron ic  p h ase , the v e s s e l s  b e g in  to  show 
e v id en ce  o f  p o is o n in g . The endothelium  s w e l ls  and p r o l i f e r a t e s ;  
the e l a s t i c  lam ina r e d u p lic a te s  i t s e l f  but tak es l e s s  and l e s s  
s t a i n .  The c i l i a r y  v e s s e l s  have an in te r n a l  e l a s t i c  lam ina o f  the  
u su a l ty p e , bu t i n  the i r i s  i t  i s  n ever  a s  c le a n -c u t  a s  e ls e w h e r e ,
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even in healthy eyes; now, however, it stains very faintly if at all. 
The space normally present in the wall of the iris artery 
disappears as it is filled in with hyaline material. In the ciliary 
body, on the other hand, fibrosis of the arteries not hyalinisation 
occurs; this does no more than reflect the essential difference in 
the structure of the two vessels, which in turn reflects their 
different functions. In old cases, where the uveitis is quiescent, 
these changes are even more striking: the lumen of the iris artery
or arteriole is closed, a few heavily-staining endothelial nuclei 
only remaining, and the rest of the vessel is hyalinised; no 
elastic fibres remain in the wall. In the case of the ciliary 
vessels many of them are completely sclerosed. The absence of 
vessels in the chronic anterior uveitis is as striking as the 
abundance of them was in the acute.
The condition being described is characterised clinically 
by the exudate produced. In the early acute stages this exudate 
pours out from all the surfaces of the anterior uvea: into the
anterior and posterior chambers, into the vitreous, over the ciliary 
processes and the pars plana, even above the anterior part of the 
retina; it also is present within the structures involved. As a 
result it covers the pupil, blocking the angle, forming posterior 
and anterior synechiae, a cyclitic membrane and a supraretinal 
pellicle. Not surprisingly the health of the lens suffers so that 
secondary cataracts are extremely common.
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From th e  s t a r t  th ere  i s  a l o t  o f  f i b r i n  p r e s e n t  i n  th e  
exu d ate; even  i n  ey e s  where the p a th o lo g y  s u g g e s ts  we are  d e a l in g  
w ith  a c h r o n ic  r a th e r  than an a c u te  c o n d it io n  th ere  i s  f i b r i n  to  
be s e e n  i n  the ex u d a te . This su p p o rts  the o b se r v a tio n  th a t  r e p e a te d  
sm a ll a c u te  a t ta c k s  occu r . The exudate s t a in s  p a le  red  w ith  e o s in ,  
p a le  b lu e  w ith  th e  trichrom e s t a i n s .  The f i b r i n  i s  l e s s  e a s i l y  
ob served  w ith in  the stroma o f  the i r i s  and c i l i a r y  body. When the  
exudate i s  exam ined m ic r o s c o p ic a lly  i n  the chambers o f  the e y e , i t  
i s  s e e n  to  c o n ta in  g h ost c e l l s  (em pty red  c o r p u s c le s ) ,  f i b r o b l a s t s ,  
s e v e r a l  plasm a c e l l s ,  a few  lym phocytes and s e v e r a l  m onocytes. Only 
r a r e ly  was an e o s in o p h il  le u c o c y te  found in  th e  exudate o f  the  
o c u la r  cham bers. I n  the advanced l e s i o n  the exudate has c o l l e c t e d  
on th e  s u r fa c e s  o f  the i r i s  and the c i l i a r y  body. Fragm ents o f  
p a r a s it e s  can  be se en  a lo n g  w ith  f ib r o b l a s t s ,  plasma c e l l s ,  lympho­
c y te s  ( u s u a l ly  w ith  a c le a r ly - o u t l in e d  cytoplasm ) and m onocytes.
The l a t t e r  o f te n  show th e  e lo n g a te d  p r o c e ss e s  o f  an am oeboid p h a se .
The p r e sen ce  o f  m onocytes in  th e  f r e e  exu d ate  i s  a s  s t r ik in g  a s  the  
ab sen ce o f  e o s in o p h il  le u c o c y te s .  An o c c a s io n a l haem oglobin  body 
can be s e e n  a lo n g s id e  the ghost c e l l s  and f ib r i n  b o d ies  may be found  
o c c a s io n a l ly .  Over the c i l i a r y  p r o c e ss e s  f r e e  pigm ent g ra n u les  l i e ,  
some o f  them h a v in g  a lrea d y  been in g e s te d  by m onocytes. I n  the  
h e a le d  c o n d it io n  o r g a n isa t io n  o f  the exudate le a d s  to  the d e fo r m it ie s  
a lr e a d y  d e s c r ib e d , such a s  b lockage o f  the a n g le  w ith  i t s  r e s u lt a n t  
e f f e c t  on in tr a o c u la r  t e n s io n . I n  the v itr e o u s  the r e s id u a l  
exudate i n  the ch ron ic  s ta g e  i s  album inous; th ere  are  many red  c e l l s
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and g h o st  c e l l s  p r e se n t  a lo n g  w ith  lym p h ocy tes, plasm a c e l l s  and  
m onocytes, some o f  the l a t t e r  b e in g  am oeboid, some round. The 
area  o c c u p ied  by the ex u d a te , a s  we w ould e x p e c t , i s  now q u ite  s m a ll .
A lthough the nature o f  th e  i n f i l t r a t e  w ith in  the i r i s  and  
c i l i a r y  body i s  r a th e r  overclou d ed  by the pigm entary and v a s c u la r  
ch a n g es, i t  i s  h ig h ly  s ig n i f i c a n t .  I n  the a c u te  eye th e re  i s  a 
h ig h  p r o p o r tio n  o f  e o s in o p h il  l e u c o c y t e s .  Plasma c e l l s  a l s o  appear  
e a r ly  on . I n  th e  e s ta b l is h e d  l e s i o n ,  su bacute or c h r o n ic , plasm a 
c e l l s  more and more dominate the p ic t u r e ,  and plasma c y to id  c e l l s ,  
R u s s e l l  b o d ie s  both  in t r a c e l lu la r  or f r e e  i n  the strom a, are  common; 
the s o - c a l l e d  u n ic e l lu la r  R u s s e l l  body, which we un d erstan d  i s  th e  
l a s t  s ta g e  i n  the p ro cess  o f  d e g e n e r a tio n  o f  the plasma c e l l ,  i s  
a l s o  fo u n d . A lth ou ^ i p r e sen t i n  b oth  a n te r io r  u v e a l s t r u c t u r e s ,  
th e  R u s s e l l  b o d ie s  were much more common i n  the i r i s .  As the  
in flam m atory  r e a c t io n  becomes q u ie s c e n t  the e o s in o p h il  a lm ost  
co m p le te ly  d isa p p ea rs; the plasma c e l l s ,  plasma c y to id  c e l l s  and  
R u s s e l l  b o d ie s  which appear in d ic a t e  what i s  happening. R arely  a  
sm a ll ' nodule* o f  lym phocytes may be s e e n . One new c e l l  appears  
i n  th e  l a t e  s t a g e s ,  and th a t i s  a la r g e  a c id o p h il  c e l l  w ith  two or  
more n u c l e i , i n  the cytop lasm  o f  which are  s e v e r a l  v a c u o le s  and
g r a n u le s , some o f  the l a t t e r  p igm ented . Three or fo u r  such c e l l s
in v a r ia b ly
w e r e /p r e se n t  i n  each h a lf  i r i s  i n  each s e c t io n ,  in  ch ron ic  
q u ie s c e n t  e y e s .  By reason  o f  t h e ir  s i z e ,  fo u r  tim es th a t  o f  
a plasma c e l l ,  and the f a c t  th a t t h e ir  red  cytop lasm  was so  d i s t i n c t  
i n  the a tr o p h ic  depigm ented u vea , th ey  are q u ite  c o n sp icu o u s.
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C le a r ly  a h i s t i o c y t e ,  the s i z e  o f  th e se  c e l l s  corresp on d s c l o s e l y  
to  th a t  o f  a clump c e l l .  I n  our v iew  i t  i s  probab ly  a  v a r ia n t  o f  
the l a t t e r .  T h is i s  a type o f  c e l l  about th e  o r ig in  o f  w hich i t  
i s  im p o s s ib le  to  be dogm atic.
Such, th en , are the changes which occur i n  th e  a n t e r io r  
u v e i t i s  o f  o n c h o c e r c ia s iso  I n  b r i e f ,  to  c o l l a t e  th e  p o in ts  we 
have t r e a t e d  s e p a r a te ly ,  i n  the a c u te  phase th e  pigm ent c e l l s  
p r o l i f e r a t e ,  th e  a r t e r ie s  and a r t e r io l e s  m u lt ip ly , a f ib r in o u s  
exu d ate  i n  which red  c e l l s  and inflam m atory c e l l s  appear i s  poured  
ou t w ith in  and w ith o u t the s tr u c tu r e s  concern ed , and i n  the i n t e r ­
s t i t i a l  t i s s u e  the dominant c e l l  i s  th e  e o s in o p h il .  As the c o n d it io n  
s e t t l e s  in t o  th e  ch ron ic  s ta g e  the pigm ent c e l l s  fu se  in t o  a s o l i d  
band on b oth  f a c e s  o f the i r i s ,  the clump c e l l s  co n tin u e  to  m u lt ip ly  
and g e t  d ark er , the exudate s t a r t s  to  become o rg a n ised , the v e s s e l s  
d eg en era te  ( the i r i s  v e s s e l s  becom ing h y a l in is e d ) , and the e o s in o ­
p h i l  le u c o c y te  i s  r ep la ced  by the plasma c e l l .  R u s s e l l  b o d ie s  
and h y a lin e  sp h e r u les  are now common. A f te r  h e a lin g , when th e  
eye i s  q u ie t  (and  b lin d  u s u a lly )  the pigm ent i s  p a le , the i r i s  
chrom atophores, t h in  and drawn o u t , l i e  p a r a l le l  w ith  the s u r fa c e ,  
p a r ts  o f  th e  p o s t e r io r  e p ith e liu m  in c lu d in g  th a t  c o v e r in g  the  
c i l i a r y  body are  depigm ented, many v e s s e l s  are h y a l in is e d  ( i n  th e  
i r i s )  or s c le r o s e d  ( i n  the c i l i a r y  b od y), d e fo r m it ie s  due to  th e  
o rg a n ised  exu d ate  are  common, and among the plasma c e l l s  which  
rem ain are  found s e v e r a l  la rg e  h i s t i o c y t e s  in t e n t  on c le a r in g  up 
the d e b r is .
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6 . POSTERIOR UVEITIS
The term p o s te r io r  u v e i t i s  i s  i n  our v iew  a c o r r e c t  on e, 
f o r  i t  i s  an  in flam m ation  o f  th e  c h o r o id , exogenous and e x u d a t iv e ,  
due to  th e  d eath  o f  m f. v o lv u lu s  i n  t h i s  s t r u c tu r e . S evere  
a f f e c t i o n s  o f  th e  ch oro id  alw ays in v o lv e  th e  r e t in a ,  and i n  
o n c h o c e r c ia s is  t h i s  i s  no e x c e p t io n . We have never found a s in g le  
c a s e ,  how ever, where the r e t in a  was in v o lv e d  i n  the absence o f  
c h o r o id a l in flam m ation , or where i t  was a f f e c t e d  f i r s t ,  a lth o u g h  
the r e v e r s e  i s  common. True, we have found p a r a s it e s  i n  the  
r e t in a ,  and i f  th ey  d ie  th ere  b e fo re  d y in g  in  th e  ch o ro id  a prim ary  
r e t i n i t i s  would e n su e , but th a t we b e l ie v e  i s  a rare o c c a s io n . As 
a r u le  th e  r e t in a  i s  in v o lv e d  i n  the inflam m atory r e a c t io n  i n  sm a ll 
p a tc h e s , a f a c t  which can be ob served  m a e r o se o p ic a lly . I t  i s  
p o s s ib le  th a t  th e se  area s o f  c h o r io r e t i n i t i s  occur on ly  i n  the  
im m ediate v i c i n i t y  o f  where a p a r a s ite  has d ied  in  the c h o r o id , the  
t i t r e  o f  t o x in  b e in g  s u f f i c i e n t l y  g r e a t a t  such p la c e s  to  a f f e c t  
the r e t in a ;  the same products o f  in t o x ic a t io n  on the o th e r  hand 
w i l l  sp read  r e a d i ly  in  both  d ir e c t io n s  w ith in  the ch o ro id  to  
e n la rg e  th e  u v e a l l e s io n  l a t e r a l l y .  I t  i s  d i f f i c u l t  to  e x p la in  
how e l s e  th e se  is la n d s  o f c h o r io r e t in a l  f u s io n  a r i s e .  W ith m assive  
in v a s io n  o f  cou rse  the e n t ir e  u v e a l t r a c t  and r e t in a  may be in v o lv e d ;
th ere  w i l l  be an e n d o p h th a lm itis .
Above i t  has been m entioned th a t  an a n te r io r  u v e i t i s  i s  
u s u a l ly  a s s o c ia t e d  w ith  some degree o f  p o s te r io r  in flam m ation .
E arly  on t h i s  may be due to  th e  d i f f u s io n  o f  to x in s  backwards in t o
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the ch o ro id ; t h i s  would e x p la in  th e  p resen ce  o f ch ro n ic
in flam m atory  c e l l s  in  the a n te r io r  c h o ro id  i n  the ab sen ce o f  m f.
Once th e  p a r a s it e s  have e n ter e d  the i r i s  and the c i l i a r y  body,
how ever, th ey  are  a lm ost c e r t a in  to  p ass p o s t e r io r ly  in t o  th e
ch o ro id  i n  the end, when a prim ary p o s t e r io r  u v e i t i s  w i l l  commence.
The c e l l s  c h a r a c t e r is t ic  o f the new a c u te  r e a c t io n  w i l l  n e c e s s a r i ly
m ingle  w ith  th ose  o f  the subacute or ch ro n ic  a n te r io r  in flam m ation ,
which has p a ssed  back e a r l i e r  in t o  the c h o ro id . As a r e s u l t  i t
i s  a s  d i f f i c u l t  to  e s t a b l i s h  the e x is t e n c e  o f an a c u te  phase in
t h is  l e s i o n  m ic r o s c o p ic a lly  a s  i t  i s  c l i n i c a l l y ,  where the fundus
can seldom  be c le a r ly  seen  owing to  the frequ en cy  w ith  which the
a n t e r io r  segm ent i s  s im u lta n eo u sly  in v o lv e d .
F in a l ly ,  we have to  c o n s id e r  the p o s s i b i l i t y  o f  th e
p o s t e r io r  uvea b e in g  invaded by the p a r a s it e s  w ith ou t a n te r io r
segm en ta l in v a s io n . T his p ro sp ec t was put forward c l i n i c a l l y
15a s  a p o s s i b i l i t y  i n  an e a r l i e r  paper i t  was r a is e d  a g a in  when
we d e sc r ib e d  the passage o f  th e  mf. down the v a sc u la r  sh e a th s  o f
16the e q u a to r ia l  v e s s e l s  (Rodger ) ;  now one o f  the e x c is e d  ey es  
fu r n is h e s  p ro o f o f  i t .  I t  i s  a n o n s p e c if ic  u v e i t i s  w ith  which we 
are d e a l in g , and may be con fu sed  a t  some s ta g e s  w ith  the d e g e n e r a tiv e  
l e s i o n  o f  the ch oro id  and r e t in a  found i n  t h is  same d is e a s e ,  which  
w i l l  be d is c u ss e d  n e i t .  A lthough th ere  i s  no doubt th a t  a primary  
p o s t e r io r  u v e i t i s  o ccu rs, we h o ld  to  our p r e v io u s ly  e x p r e sse d  
c o n c lu s io n  th a t  such a l e s io n  i s  se en  v ery  r a r e ly  a s  an i s o l a t e d  
phenomenon. I n  g e n e r a l, th en , a p o s t e r io r  u v e i t i s  i s  a s s o c ia t e d
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w ith  an  a n t e r io r  u v e i t i s ,  the r e t in a  i s  in v o lv e d  s e c o n d a r ily  and  
then  o n ly  i n  p a tc h e s , and i t  i s  r a r e ly  th a t  a p o s t e r io r  u v e i t i s  
by i t s e l f  i s  found . I n  some ey e s  w ith  an a n te r io r  l e s i o n  a few  
ch ro n ic  in flam m atory  c e l l s  are  p r e se n t  i n  the p o s t e r io r  u v ea , i n  
o th e rs  the u v e a l in v a s io n  by th e se  c e l l s  i s  marked, i n  s t i l l  o th e rs  
l i v i n g  p a r a s i t e s  e x i s t  i n  the area  th a t  i s  i n f i l t r a t e d ,  and i n  
o th e rs  a g a in  l i v i n g  p a r a s ite s  are  found o u ts id e  the i n f i l t r a t e d  
area  a l t o g e t h e r  i n  what i s  a p p a ren tly  h e a lth y  ch oro id  p o s t e r io r  
to  the e q u a to r . These f in d in g s  u n d e r lin e  the c h r o n o lo g ic a l and 
to p o g r a p h ic a l c h a in  o f  ev e n ts  le a d in g  to  the developm ent o f  th e  
p o s t e r io r  u v e i t i s .  M a cro sco p ica lly  the c h o ro id a l v e s s e l s  a re
g r e a t ly  c o n g e s te d , and the exudate f i l l i n g  the v itr e o u s  c a v it y  i s  
notictabLy p r e s e n t .
M ic r o sco p ic  appearances:
The pigm entary changes a lth o u g h  s t r ik in g  do n ot dom inate 
th e  p ic tu r e  i n  th e  p o s te r io r  u v ea . I n  the negro eye the c h o r o id a l  
pigm ent i s  darker than the r e t in a l  u n lik e  the w h ite r a c e s , the  
o p p o s ite  s t a t e  o f  a f f a i r s ,  a s  we saw, e x i s t s  in  the i r i s ,  where the  
pigm ent co rresp o n d in g  to  the r e t in a l  ( th e  p o s te r io r  pigm ent e p ith e liu m )  
i s  darker than  the pigment corresp on d in g  to  the c h o ro id a l ( the  
chromatophore o f  the i r i s  stroma) • T his i s  im portant when the  
q u e s t io n  o f  in v a s io n  o f  the r e t in a  by u n id e n t if ie d  pigm ent a r i s e s .
At th e  h e ig h t  o f the in flam m ation  i n  the a n te r io r  u v ea , b o th  ty p es  
o f c e l l  become e q u a lly  dark; t h is  i s  a l s o  tru e o f the p o s t e r io r
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segm ent. A secon d  p o in t  o f  s im i la r i t y  betw een the two areas i s  
th a t  th e  pigm ent gran u le  formed by the r e t i n a l  m ela n o b la st i s  
b ig g e r  th an  th e  granu le c o n ta in ed  i n  th e  c h o r o id a l. These f a c t s  
do n o t  seem  to  have been rep o rted  b e fo r e ;  nor do th ey  correspond  
to  what h as been  d e sc r ib e d  in  the European e y e . As the r e t i n a l  
pigm ent i s  a f f e c t e d  e a r ly  on in  an o n ch o cerca l u v e i t i s  th ey  w i l l  
be d e sc r ib e d  a lo n g  w ith  th o se  o c c u r r in g  in  the ch o ro id .
The g ra n u les  o f  r e t in a l  pigm ent are c h a r a c t e r i s t i c a l ly  
s p in d le -s h a p e d . They l i e  w ith in  the o u te r  p r o c e sse s  o f  the rods  
and c o n e s , th e  base o f  the e p i t h e l i a l  c e l l  b e in g  d evo id  o f pigm ent 
i n  i t s  o u te r  p a r t;  the g r a n u le s , p r e se n t  i n  i t s  in n e r  p a r t , are  
more e l l i p t i c a l  than th ose  in  the p r o c e s s e s ,  but are n o t co m p le te ly  
round a s  some w r ite r s  have s a id .  The n u c le i  o f the r e t i n a l  pigm ent 
e p ith e liu m  are  o f two ty p e s , s u g g e s t in g  th a t  two typ es o f  c e l l  are  
p r e sen t:  one i s  darker and f l a t t e r  than the o th e r . I t  i s  b e l ie v e d
th a t  the form er m anufactures the in n er  c u t ic u la r  la y e r  o f  the  
membrane o f  Bruch, w h ile  the o th er  type o f c e l l  w ith  the p a le r ,  
rounder n u c le u s  i s  concerned w h o lly  w ith  th e  m anufacture o f  p igm ent. 
The changes which develop  consequent on the death o f p a r a s it e s  in  
the uvea su p p ort t h is  v iew . Taking the p o s te r io r  segm ent o f  the  
eye a s  a w h o le , d is r u p tio n  o f  the r e t in a l  pigment e p ith e liu m  occurs  
on ly  a d ja c e n t  to  an inflam m atory fo cu s  in  the ch o ro id . This i s  an  
im portant means o f  d is t in g u is h in g  betw een the ex u d a tiv e  p o s t e r io r  
l e s io n  and th e  d eg en era tiv e  one. C o in c id in g  w ith  the r e a c t io n  o f  
the r e t i n a l  pigm ent i s  th a t o f  the c h o r o id a l;  here th e  uvea i s
- 116-
a f f e c t e d  over  b roader s tr e tc h e s  and d istu rb a n ce  o f  th e  pigm ent 
can be s e e n  i n  a l l  p arts*
The f i r s t  change we ob served  was th a t  the s p in d le s  o f  
pigm ent i n  th e  p r o c e sse s  o f th e  r e t i n a l  pigm ent c e l l s  w ithdrew  
from betw een  th e  o u ter  lim bs o f  the rods and cones in t o  th e  c e l l  
body, m ix in g  w ith  th ose  a lr e a d y  t h e r e .  As th ey  do s o  th ey  
th em se lv es  become rounder, co rresp o n d in g  to  the gran u les  o f  the  
b a s e . At f i r s t  s ig h t  th e se  changes seem to  occur in  ev ery  c e l l  
i n  th a t  a r e a , but a s  th ey  become clumped under fu r th e r  p r o v o c a tio n ,  
and break  away in t o  the r e t in a ,  so  the secon d  type o f  c e l l ,  th a t  
w ith  the f l a t t e r  darker n u c le u s , becomes exp osed . The l a t t e r  are  
now v i s i b l e  a s  a s in g le  continu ous la y e r  o f f l a t  c e l l s ,  m a in ta in in g  
i n  some way th e  c o n t in u ity  o f  the e p ith e liu m  d e s p ite  the breaks  
made by th e  pigm ent c e l l s  which have broken away. The clump 
c e l l s  o f  th e  r e t in a l  pigment do n ot wander f a r  during the  
i n i t i a l  a c u te  p h ase , u s u a lly  b e in g  found ly in g  near-by betw een  
the rods and c o n e s . They ten d  to  form sm all groups, a t ta c h in g  
th em se lv es  to  each  o th er . The c h o r o id a l pigment c e l l s  mean­
w h ile  have moved im p ercep tib ly  inwards towards the c h o r io c a p i l l a r i s ,  
which i s  p ig m e n t-fr e e  even  in  the n eg ro id  e y e . These c e l l s  are  so  
dark th a t  i t  i s  d i f f i c u l t  to  a s s e s s  the r e la t iv e  s i z e  o f th e  
gran u les e x c ep t a t  the ou ter  f r in g e .  As was seen  in  the a n te r io r  
segm ent th e  gran u les  lea v e  the clump c e l l s  o f the r e t in a  w ith ou t  
ap p a ren tly  b rea k in g  the c e l l  body, but none ap p aren tly  i s  
l ib e r a t e d  outwards in to  the ch oro id . The membrane o f Bruch
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probab ly  p r e v e n ts  i t .  The in c r e a s e  i n  d e n s ity  o f  th e  u v e a l  
pigm ent p o s t e r io r ly ,  t h e r e fo r e ,  would appear to  depend upon the  
ten dency o f  th e  c h o r o id a l pigm ent c e l l s  to  make more pigm ent and 
accum ulate in  m asses r a th er  than on ta k in g  up su rp lu s  g ra n u les  
r e le a s e d  by the r e t in a l  c e l l s .
As the c o n d it io n  advances the r e t i n a l  pigm ent g e ts  darker  
u n t i l  th e  c o lo u r  corresponds to  the very  dark ch o r o id a l p igm ent.
At t h i s  s t a g e ,  u n le s s  the s i z e  o f  th e  gran u les can be a s s e s s e d ,  
th ere  i s  no way o f  co n c lu d in g  by t h i s  means whether or  n ot c h o r o id a l  
pigm ent has p a ssed  in t o  the r e t in a .  I n  f a c t  i t  never does becau se  
a lth o u g h  the c o n t in u ity  o f the c u t ic u la r  lam ina o f th e  membrane o f  
Bruch i s  broken in  sev er e  c a s e s ,  the e l a s t i c  lamina n ever  i s ,  n o t  
even  i n  an o n ch ocerca l e n d o p h th a lm itis . I n  lo n g sta n d in g  c a se s  the  
c u t ic u la r  la y e r  becomes l o c a l ly  h y a l in is e d  w ith  the p ro d u ctio n  o f  
c o l l o i d  b o d ie s .  I n  a d d it io n  the r e t i n a l  clump c e l l s  m igrate in t o  
the nervous la y e r  in  ch ron ic  c a s e s ,  and i n  p la c e s  the v e s s e l s  are  
surrounded by pigm ent g r a n u le s , which e i t h e r  have been l ib e r a t e d  
by the c e l l s  or l e f t  behind when the pigm ent c e l l s  d is in t e g r a te d .
The d i s t r ib u t io n  o f  pigm ent around the r e t i n a l  v e s s e l s  i s  d i s s im ila r  
to  th a t  ob served  i n  r e t i n i t i s  p igm entosa; i t  does n o t a t ta c h  
i t s e l f  by p reference to  v e in s ,  bu t to  a r t e r ie s ,  and l i e s  in d is c r im in ­
a t e ly  among th e  ectoderm al g l ia  and mesodermal a d v e n t i t ia ,  form ing  
la r g e  p laq u es o f  p igm ent, seldom  se e n  w ith  the ophthalm oscope, in  
the shape o f  bone c o r p u s c le s .
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When th e  eye becomes q u ie t ,  th e  ch o r o id a l p igm ent c e l l s
s t a r t  to  e lo n g a te ,  a s we saw in  the i r i s ,  and l i e  p a r a l l e l  w ith
the membrane o f  Bruch; they  r e t a in  t h e ir  dark co lo u r  and tendency  
to  s t a y  c lo s e  to g e th e r . The p a r t o f  the ch oro id  co rresp on d in g  
to  H a l le r 1s la y e r  o f  v e s s e l s  i s  fr e q u e n t ly  now devoid  o f  pigm ent 
c e l l s .  The r e t i n a l  pigm ent i s  most fr e q u e n tly  se en  a t  t h is  
s ta g e  i n  sm a ll rounded a g g r e g a tio n s  ly in g  among the rods and c o n e s .
These changes are  most s t r ik in g  where the g r e a te s t  i n f i l t r a t i o n
and d e s tr u c t io n  o f  t i s s u e  has occu rred  in  the ch o ro id . Such 
a r e a s  a r e  d isse m in a te d  a lth ou gh  som etim es c o n flu e n t a s  w e l l .
The inflam m atory exudate o f  p o s t e r io r  u v e i t i s  i s  found  
w ith in  th e  c h o r o id , between th e  ch o ro id  and the r e t in a  ( i n  p la c e s ) ,  
and on th e  s u r fa c e  o f  the r e t in a .  I t  i s  a c id o p h il  w ith  much 
f i b r i n  i n  i t  u n t i l  the ch ron ic  s ta g e s  are reach ed . The same type  
o f in flam m atory  c e l l  can be se en  i n  t h is  c o n d it io n  a s  were 
d e sc r ib e d  i n  the a n te r io r  u v e i t i s ;  e o s in o p h il  le u c o c y te s  e a r ly  on 
dom inate, l a t e r  plasma c e l l s .  Plasm a c y to id  c e l l s  and R u s s e l l  
b o d ie s  are  n o t uncommon but we n ever  found la r g e  h i s t i o c y t e s  a s  -
we d id  i n  th e  i r i s .
The v a s c u la r  changes a l s o  r e f l e c t  th ose  found a n t e r io r ly ,  
and i n  a s tr u c tu r e  l ik e  the ch oro id  are o f course im p ortan t. E arly  
on the en d oth eliu m  o f the con gested  v e s s e l s  become s w o lle n .
E o s in o p h il le u c o c y te s  are p r e sen t in  la r g e  numbers in  the p a r a x ia l  
stream . The e n d o th e lia l  c e l l s  then  p r o l i f e r a t e  both  in  a r t e r ie s  
and v e in s ,  e s p e c ia l ly  the form er. H yp erp lasia  o f  the media and 
a d v e n t it ia  commences u n t i l  the p ro cess  o f  s c le r o s i s  le a d s  to  com plete
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o c c lu s io n .  The in te r n a l  e l a s t i c  lam ina o f  th e  a r t e r ie s  i s  n o t  
a f f e c t e d  u n t i l  l a t e  on when i t  s t a in s  f a i n t l y  or  n o t  a t  a l l *
The c h o r io c a p i l l a r i s  i s  n o t a f f e c t e d  f i r s t ;  even  i n  c h r o n ic  c a s e s  
i t  i s  p a te n t  e x c e p t  where the g r e a t e s t  d e s tr u c t io n  has o ccu rred . 
S c le r o s i s  when p r e se n t  i s  s t r ik in g  hu t hy no means w id esp read .
I n  the v i c i n i t y  o f  th e  g r e a te s t  d e s tr u c t io n  o f  th e  u v e a l  
t i s s u e ,  p rob ab ly  the s i t e  o f  a p a r a s i t e ’ s  d ea th , the r e t in a  i s  
g r o s s ly  a f f e c t e d .  Where a p a r a s it e  d ie s  w ith in  the r e t in a  su ch  
d e s tr u c t io n  would be g r e a te r  s t i l l .  The rods and cones i n  th e se  
a r e a s  a r e  q u ic k ly  d estro y ed  by the t o x in s ,  the b ip o la r  c e l l s  
d im in ish  i n  number, the g a n g lio n  c e l l s  become d is t o r t e d ,  and  
f i n a l l y ,  i n  t h i s  ord er , the rod and cone gran u les (w hich  appear to  
be the m ost r e s i s t a n t  o f  a l l )  become red u ced . G l io s is  occu rs i n  
the l a t e r  s t a g e s .  Thus when the l e s i o n  has h e a le d , a  g l io s e d  
r e t in a l  p a tch  l i e s  s id e  by s id e  w ith  a f ib r o s e d  c h o r o id a l. T h is  
h a s , i n  our o p in io n , been w rongly d e sc r ib e d  as an area  o f  c h o r io ­
r e t i n a l  f u s io n .  There i s  no a c tu a l  f u s io n ,  f o r  even  i n  the m ost 
s e v e r e ly  a f f e c t e d  a r e a s , a s  we showed ab ove, the membrane o f  Bruch  
rem ains i n t a c t .  The plasma c e l l s  in  the uvea which a re  p r e s e n t  
f o r  a lo n g  tim e i n  such a r e a s , resem ble the rod and cone g ra n u les  
g iv in g  th e  im p r e ss io n  th a t  the l a t t e r  have invaded the ch oro id ;  
t h is  may have encouraged the id e a  th a t  a c tu a l  fu s io n  o c c u r s .
We have d e scr ib ed  what i s  e s s e n t i a l l y  a n o n s p e c if ic  
p o s t e r io r  u v e i t i s .  I t  i s  the a s s o c ia t io n  o f  such a c o n d it io n  
w ith  a n t e r io r  segm ental le s io n s  t y p ic a l  o f o n c h o c e r c ia s is  which
establishes the diagnosis. We have, nevertheless, at no time 
failed to find in such eyes living or dead mf. in the choroid.
7 .  THE POSTERIOR DEGENERATIVE LESION OF ONCHOCERCIASIS
It was first suggested by the writer that this condition
17is a degenerative one, not an inflammatory (Rodger '). When
coupled with the observation that an (inflammatory) posterior
uveitis also occurs in onchocerciasis much of the confusion which
18has ruled in the past can be eliminated (Rodger ). The fact of
the matter is that ever since an affection of the choroid and retina
19 20 in this disease was recognised by Bryant 7 and Hissette , the
posterior segmental changes have been a controversial topic; while
we have established without doubt that mf. die in the posterior
uvea and produce an inflammatory condition there, which may or may
not involve the retina, the pathogenesis of the degenerative lesion
has not yet been explained satisfactorily. An earlier part of
this thesis attempts to do so. The important thing to remember is
that the degenerative lesion is not associated with the presence of
parasites in the eye, yet is only found in onchocerciasis patients.
The fact that so vague a descriptive term should be given
to the lesion mi^ it appear to underline a certain lack of confidence
on our part in the pathogenesis we ourselves have suggested. This
is not true. In classifying it we are up against a difficulty
inherent in ophthalmology, the classification of which includes
many misnomers, that remain unchanged because they are colloquialisms.
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The m ost common e r r o r  has been in  c l a s s i f y i n g  a d is e a s e  a s  
in flam m atory  when i t  i s  in  f a c t  n ot a s s o c ia t e d  w ith  any o f  th e  
phenomena o f  inflam m ation*. The u s u a l a l t e r n a t iv e  has been  to  
rename th e se  e ty m o lo g ic a l ly - in c o r r e c t  term s a s  " p a th ie s*1 or  
d e g e n e r a tio n s , a lth o u g h  th ese  are  h etero g en eo u s groups b ased  on 
in c o n s is t e n t  c r i t e r i a .  The l e s i o n  i n  q u e s t io n  cou ld  be d e sc r ib e d  
a s  an a tro p h y , but i s  i t  an atrophy? Do atrophy and d e g e n e r a tio n  
c l i n i c a l l y  mean d i f f e r e n t  th in g s?  Atrophy may occur a s  a r e s u l t  
o f the a c t io n  o f  t o x in s ,  we know, and in  t h is  l e s io n  we have 
s u g g e s te d  in t o x ic a t io n  p la y s  a p a r t , which m ight le a d  to  
a r t e r i a l  spasm or to  v a sc u la r  d e g e n e r a tio n  and atrophy o f  the  
rods and c o n e s . A v ita m in o sis  A may a l s o  p la y  a p a r t , and the  
word a trop h y  s c a r c e ly  covers th a t;  d eg en era tio n  would be b e t t e r .  
Then a g a in  we may be wrong on a l l  c o u n ts . There may be some 
e x p la n a tio n  o th e r  than  an in t o x ic a t io n  cou p led  w ith  v ita m in  A 
d e f ic ie n c y .  The l e s io n  m ight be c l a s s i f i e d  a s  a d iso r d e r  o f  
m etab o lism , or o f  c ir c u la t io n ,  or even  turn  f u l l - c i r c l e  and prove  
to  be a m ild  in flam m ation  a f t e r  a l l .  I n  ophthalm ology each  o f  
th e se  p o s s i b i l i t i e s  would determ ine the u lt im a te  t i t l e ;  so  we 
have c a l l e d  i t  sim ply  ’ the p o s te r io r  d e g en era tiv e  l e s i o n  o f  
o n c h o c e r c ia s is 1 , le a v in g  i t  to  o th er  workers to  confirm  or d isp rove  
our p r o p o sa ls  a s  to  the p a th o g en esis  b e fo re  com m itting o u r s e lv e s  to  
a n y th in g  more d e f in i t e .  C l in ic a l ly  we would be j u s t i f i e d  in  c a l l in g  
i t  a c e n tr a l  a r e o la r  c ircu m scrib ed  c h o r o id o r e t in a l a tro p h y , f o r  
th a t  i s  what i t  look s l i k e .  Such c o n d it io n s  may be f a m i l i a l  in
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o r ig in ,  b u t we have eschew ed t h is  e x p la n a tio n  because i n  a
p r im it iv e  community you can n ever  prove i t .  Our e x p e r ie n c e s
su g g e s t
xxxKS±B3t th a t  in b r e e d in g  i n  the endem ic o n c h o c e r c ia s is  a r e a s  o f  
A fr ic a  i s  a myth encouraged on ly  by the more flam boyant o f  the  
a n th r o p o lo g is t s  and s o c i o l o g i s t s ,  who crowd th ere  from th e w e s t .
I n  th e  c o n d it io n  we are d e s c r ib in g  th ere  i s  no e x u d a te , 
l i t t l e  i n f i l t r a t i o n ,  no s ig n  o f  e o s in o p h i l ia ,  no p a r a s it e  i n  the  
e y e , no a n t e r io r  on ch ocerca l l e s i o n  w ith  which to  t i e  i t  i n  ( e x c e p t  
r a r e ly  and th en  a s  a secondary c o m p lic a t io n ) . There are  no a r e a s  
o f  c h o r o id o r e t in a l  in flam m ation  d isse m in a te d  here and th e r e ,  
j u s t  a s im p le  s tr a ig h t-fo r w a r d  atrop h y  o f  the r e t in a  and th e  c h o ro id , 
a l l  o f  one p ie c e ,  w ith  a c le a r -c u t  m argin , w ith in  w hich, a s  a r e s u l t  
o f  p igm entary  d eg e n e r a tio n , the c h o r o id a l v e s s e l s  can be s e e n .
I t  i s  s tr a n g e  the two c o n d it io n s  have been  con fu sed  f o r  so  lo n g ,  
y e t  a lth o u g h  th e  d if fe r e n c e  betw een them i s  so  obvious m ic r o s c o p ic a lly ,  
c l i n i c a l l y  pigm entary u p se t  and exposure o f  ch o ro id a l v e s s e l s  
dom inate e a c h .
M ic r o sco p ic  appearances;
The e a r l i e s t  changes ( i f  n o t the most s tr ik in g )  in v o lv e  
the r e t i n a l  pigm ent e p ith e liu m  and the c h o r io c a p i l la r i s .  N e ith e r  
o f  them c o in c id e  to p o g r a p h ic a lly , so  i t  i s  im p o ss ib le  to  sa y  which  
occurs f i r s t ,  and i t  i s  u n l ik e ly  th a t  one cau ses the o th e r .
The f i r s t  area  a f f e c t e d  u s u a l ly  l i e s  betw een th e  d is c  
and the m acu la, a lth ou gh  in  some ey e s  the changes are observed  
s im u lta n e o u s ly  i n  both  p a r t s .  A r e d u c tio n  o f  the number o f  p a te n t
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lo o p s  i n  th e  o h o r io c a p i l la r i s  i s  n o t so  commonly s e e n  e a r ly  on 
a s th e  p igm entary  d is tu r b a n ce , but i s  the r u le  i n  the area  n ex t  
the p a p i l l a .  The changes i n  the r e t i n a l  pigm ent are th o se  o f  
d ep ig m en ta tio n . The th in n in g -o u t  p r o c e ss  i s  b e s t  l ik e n e d  to  
the e f f e c t  th a t  would be produced i f  e v ery  secon d  s ta k e  i n  a fe n c e  
were rem oved. T h is corresponds to  what we have d e sc r ib e d  w ith  
the ophthalm oscope a s  ’ f r e c k l in g  o f  the fu n d u s’ . I t  i s  a genuine  
l o s s  o f  c o lo u r  f o r  the o u t lin e  o f the sp in d le -sh a p e d  g ra n u les  can  
be se e n  d ev o id  o f  pigm ent; a s  a r e s u l t  the ch o r o id a l v e s s e l s  can 
e a r ly  on be v iew ed  w ith  the ophthalm oscope, a lth ou gh  a t  f i r s t  they  
w i l l  be h e a lth y . The m acula, which we have s a id  may or may n ot  
i l l u s t r a t e  th e se  changes i s  u s u a l ly  oedem atous; the l a t t e r  v a n ish e s  
l a t e r  on when the macula becomes in c r e a s in g ly  in v o lv e d  i n  the  
a tr o p h ic  p r o c e s s e s .
I n  th e  e s ta b l is h e d  case  where th ere  i s  no lo n g er  any 
doubt c l i n i c a l l y  a s  to  the d ia g n o s is ,  c e r t a in  areas o f  the r e t in a  
r e v e a l  p r o l i f e r a t io n  o f the pigment c e l l s ;  th ey  become clumped and 
e i t h e r  fu s e  to g e th e r  in to  a lo n g  th ic k  band o f pigm ent ( u s u a l ly  a t  
the p er ip h e ry  o f  th e  le s io n )  or break away in to  the nervous la y e r s  
o f th e  r e t in a  where th ey  form sm all a g g r e g a tio n s  or even  a t ta c h  
th em se lv es  round the r e t in a l  v e s s e l s .  Here to o , n e v e r th e le s s ,  
c o lo u r le s s  gran u les  can be se e n . Secondary ’’r e t i n i t i s  p igm entosa” 
occurs i n  5°fo o f  &H p o s te r io r  c a s e s .  I t  i s  a term th a t  i s  open to  
e r r o r . We have n ever  seen  the f in e  bone co rp u sc le  appearance  
ty p ic a l  o f  a prim ary r e t i n i t i s  p igm entosa , nor does the d is t r ib u t io n
o f the pigm ent around the v e s s e l s  correspond* I t  i s  u s u a l ly  
much d ark er and more clumped, and we p r e fe r  f o r  t h is  r e a so n  the  
term ’ pigm ent c o r p u s c u la t io n ’ , w hich can be m o d ified  by a d j e c t iv e s  
to  s u i t  a l l  o c c a s io n s .  Around the v e s s e l s ,  th e  s w o lle n  pigm ent 
c e l l s  l i e  i n  a l l  th ree  c o a ts  o f  the a r t e r ie s  up to  and to u c h in g  
the in t e r n a l  e l a s t i c  lam ina; nor are  h y a lin e  changes i n  th e  
sm a lle r  v e s s e l s  se e n  a s  in  prim ary r e t i n i t i s  p igm entosa; and the  
c h o r io c a p i l la r i s  i s  a lw ays a f f e c t e d  somewhere. I n  none o f  th e se  
r e s p e c t s  i s  the p o s te r io r  l e s i o n  s im i la r  to  a f a m i l ia l  r e t i n i t i s  
p igm en tosa .
We have d escr ib ed  the a c t i v i t y  o f  the r e t in a l  pigm ent
e p ith e liu m  a t  le n g th  f o r  i t  seems to  u s to  be o f the h ig h e s t
im p ortan ce, c o in c id in g  c l i n i c a l l y ,  a s  i t  d o es , w ith  h em era lop ia .
The changes i n  the ch o ro id a l pigm ent are l e s s  marked; the c e l l s
ten d  to  m igra te  in to  the p ig m en t-free  c h o r io c a p i l la r i s ,  but th ey
do n ot a g g r e g a te  very  much, which was a fe a tu r e  o f o n ch ocerca l
u v e i t i s ;  even  i n  the areas o f w orst d e g e n era tio n  i t  i s  found in
sm a ll p a tc h e s , d is tr ib u te d  e q u a lly  throughout th is  s t r u c t u r e ,  each
p atch  c o n s is t in g  o f  two or th ree  sau sage-sh ap ed  c e l l s  s tru n g
21
to g e th e r , and p a r a l l e l  w ith  the s u r fa c e .  W olff c a l l s  them 
both  chrom atophore and m ela n o b la st, which i s  a c o n tr a d ic t io n  i n  
terms a t  f i r s t  s i  g i t .  Y et th ere  i s  no way o f  e x p la in in g , a s  we d id
i n  the ca se  o f  the i r i s ,  how th ey  o b ta in  the con ta in ed  p igm ent.
The n e a r e s t  m ela n o b la sts  are i n  the r e t in a  sep a ra ted  by the  
im pervious lam ina v i t r e a  as we showed when d e sc r ib in g  the  
inflam m atory l e s i o n .  W olff i s  a lm ost c e r t a in ly  r ig h t ,  f o r  i n  th e
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d e g e n e r a tiv e  typ e th e  e l a s t i c  lam ina o f Bruch alw ays s t a in s  
w ell*  11  i s  a com plete b a r r ie r  betw een th e  two pigm ents*
C o n tin u in g  the d e s c r ip t io n  o f  an e s ta b l is h e d  c a s e ,  
c o in c id in g  w ith  th e  r e t in a l  and c h o r o id a l pigm entary d is tu r b a n c e s  
j u s t  d e sc r ib e d  i s  a s t r ik in g  d e g e n e r a tio n  o f  th e  r e tin a *  The 
rods and con es a re  t o t a l l y  d estro y ed  and t h e ir  a t ta c h e d  n u c le i  
d isa p p e a r . The b ip o la r  c e l l s  become reduced i n  number, and some 
f a l l  ou t o f  l i n e .  They never co m p le te ly  d isap p ear , b e in g  th e  
on ly  s u r v iv o r s .  The g a n g lio n  c e l l s  d egen era te  im p e r c e p tib ly ,  
and th e r e  i s  no g l i o s i s ;  the r e t in a  sim p ly  d is s o lv e s  away, 
f i g u r a t iv e l y  sp ea k in g . The a f f e c t e d  area  commences a b ru p tly  
w ith  th e  sudden d isappearance o f  the r o d s , cones and t h e ir  n u c le i .  
T h is g iv e s  the l e s i o n  i t s  c h a r a c t e r is t ic  punched-out ap p earan ce.
As we approach the d i s c ,  a l l  th a t  rem ains i n  what i s  the o ld e s t  
p a rt o f  th e  l e s i o n  i s  a th in  la y e r  o f  b ip o la r  c e l l s ,  two c e l l s  
th ic k  v e r y  o f t e n .  The same appearance i s  found on the o th er  s id e  
o f the d is c  ( f o r  t h is  i s  an a r e o la r  le s io n )  and as we move away 
from th e  o p t ic  nerve head we f i n a l l y  come to  th e  same r a is e d  m argin, 
a s  h e a lth y  r e t in a  appears once a g a in . T h is m argin i s  f r e q u e n t ly  
a c c e n tu a te d  m ic r o s c o p ic a lly  (c o n c e a le d  c l i n i c a l l y )  by a h eap ing-up  
o f  the r e t i n a l  pigm ent c e l l s ,  which become very  dark and expanded. 
The membrane o f  Bruch over  the e n t ir e  area  m ain ta in s i t s  c o n t in u ity ;  
nor have we e v e r  s e e n  i n f i l t r a t i o n  o f  the r e t in a  w ith  ch ron ic  
inflam m atory c e l l s .
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The c h o r o id a l changes which c o in c id e  are e q u a l ly  
d i s t i n c t i v e .  There i s  no c o n g e s t io n  o f  th e  v e s s e l s ,  no e x u d a te , 
and th e  marked h y p e r p la s ia  o f  a l l  the c o a ts  o f the a r t e r i e s  a s  
w e ll  a s  th e  e l a s t i c  changes in  the v e s s e l  w a lls  s e e n  i n  the ex u d a tiv e  
l e s i o n  are  a b se n t;  m oreover i n f i l t r a t i o n  w ith  plasma c e l l s  i s  on ly  
h a l f  a s  g r e a t .  The f ib r o c y t e s ,  which c o n s t i t u te  the a d v e n t i t i a l  
sh e a th s  and th e  syncytium  o f the strom a i n  which th e  v e s s e l s  l i e ,  
in s id io u s ly  overgrow the c h o r io c a p i l l a r i s ,  a r t e r io l e s ,  and a r t e r ie s  
o f  the p o s t e r io r  u v ea . The v e in s  which f o r  the g r e a te r  p a r t l i e  
i n  the o u te r  s id e  o f the ch o ro id  do not seem to  be so  g r e a t ly  
in v o lv e d . I t  appears th a t what we are d e a lin g  w ith  i s  a r e a c t iv e  
f i b r o s i s  o f  a v ery  slow  and s u b t le  ty p e . T his i s  the s o r t  o f  
th in g  w hich co u ld  happen a s  a r e s u l t  o f  an ischaem ia  from p ro lon ged  
a r t e r i a l  spasm , l ik e  th a t  caused  by an in to x ic a n t .  A cu rsory  
g lan ce  g iv e s  th e  im p ress io n  th a t  no s c l e r o s i s  o f v e s s e l s  e x i s t s ,  
f o r  none o f  th e  w horled v e s s e l s  t y p ic a l  o f  a r t e r io s c l e r o s i s  i s  to  
be s e e n . I t  i s  on ly  on c lo s e r  in s p e c t io n  th a t  one becomes aware 
th a t  n o t o n ly  has the c h o r io c a p i l la r is  co m p lete ly  d isap p eared  i n  
the d egen era te  area  but th a t  most o f the a r t e r ie s  have a s  w e l l .  
E a r l ie r  we have n oted  some h y p e r p la s ia  o f  the in t im a l c o a t , bu t now 
the in tim a  i s  n o t to  be seen ; the e l a s t i c  lam ina i s  a l s o  l o s t .
There are  no m onocytes or g ia n t c e l l s  in  the e s ta b l is h e d  ca se  but 
plasma c y to id  c e l l s ,  lym phocytes and an o c c a s io n a l R u s s e l l  body 
may be found  among the plasma c e l l s ;  the lym phocytes som etim es 
c o l l e c t  in t o  f a i r l y  la rg e  ’ n o d u le s1.
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The f i n a l  q u e s t io n  to  be answ ered i s  w hether or n ot the  
r e t i n a l  d e g e n e r a tio n  occurs a s  a r e s u l t  o f  th e  c h o r o id a l s c l e r o s i s .  
The pigm ent changes and the rod and cone d e g e n e r a tio n , how ever, 
a re  n o t n e c e s s a r i ly  a s s o c ia te d  w ith  an o v e r ly in g  s c l e r o s i s  o f  th e  
c h o r io c a p i l l a r i s ,  so  we tend to  th e  v iew  th a t  the two are  n ot a t  
f i r s t  any way. r e la t e d .  When th e  b lo o d  su p p ly  o f the c h o r o id , 
how ever, becomes s e r io u s ly  red u ced , then  probably the w hole r e t in a  
i s  q u ic k ly  in v o lv e d . The com parative r e s is ta n c e  o f  the b ip o la r  
c e l l s  must depend upon the n u t r i t io n  o b ta in ed  from th e  r e t i n a l  
v e s s e l s  th e m se lv e s .
8* OPTIC ATROPHY
At a m eetin g  o f  the R oyal S o c ie ty  o f  T r o p ic a l M edicine  
and H ygiene i n  London in  January, 1958* when o n c h o c e r c ia s is  was 
d is c u s s e d , the fo l lo w in g  sta tem en ts  were made:
1 . I r i t i s  does n ot cause c a ta r a c t .
2 .  O p tic  atrophy and r e t in a l  d e g e n e r a tio n  are n o t  
m a n ife s ta t io n s  o f o n c h o c e r c ia s is .
3 . As m f. v o lv u lu s  are not found in  the b loodstream  
i t  i s  d i f f i c u l t  to  und erstand  how th ey  g a in  a c c e s s  
to  the o p t ic  nerve and the c h o ro id .
4 . O n ch o c er c ia s is  i s  not a s e r io u s  cause o f  b l in d n e s s .
I t  i s  a good th in g  f o r  the f a i r  name o f the em inent 
S o c ie ty  concern ed  th a t most o f the sp eak ers d id  n ot a gree  w ith  
th e se  w ild  s ta te m e n ts . The p resen t t h e s i s  s u p p lie s  m ost o f  th e  
an sw ers, which had been su sp ec ted  by f i e l d  workers i n  many in s ta n c e s ,  
and in  o th e r s  a lre a d y  known and r e c o g n ise d . O ptic a tro p h y ,
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n e v e r t h e le s s ,  i s  one c o n d it io n  which we a g ree  i s  d ou b tfu l*  W orkers, 
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such  a s  T ou lan t w ith  whom I  have had lo n g  d is c u s s io n s ,  c o n s id e r  
th a t  o n c h o c e r c ia s is  produces a c h a r a c t e r i s t ic  o p t ic  a trop h y  which  
may be r e c o g n is e d  by sh e a th in g  o f th e  a r t e r ie s ;  th ere  i s  n o th in g  
more to  t h e ir  argum ents than t h i s ,  which seem r a th e r  s le n d e r .  No 
eye where an  i s o l a t e d  o p t ic  atrop hy e x is t e d  was exam ined m icro­
s c o p ic a l ly  i n  the p resen t s t u d ie s ,  so  th e re  i s  no new e v id en ce  to  
confirm  or d isp ro v e  th a t a prim ary o p t ic  atrophy can occur a s  a
r e s u l t  o f  t h i s  d is e a s e .  On e p id e m io lo g ic a l grounds we have shown 
23e lsew h ere  (R odger ) th a t  i t  i s  u n l ik e ly .  On p a th o lo g ic a l  
grounds we have a l s o  shown th a t  i t  i s  u n l ik e ly ,  i n  S e c t io n  I  o f  
t h is  p a r t  o f  the t h e s i s .  However, in  a h e a v ily  in f e c t e d  e y e ,  
th ere  i s  no doubt th a t the o p t ic  nerve can be and i s  in v a d ed .
The photom icrograph p resen ted  here proves i t .  G iaqu in to  has
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a l s o  shown m f. in  the nerve su b sta n c e , a s  p r e v io u s ly  m entioned .
I n  a p o s t e r io r  u v e i t i s  and in  th e  p o s t e r io r  d eg en era tiv e  l e s i o n ,  
atrop h y  o f  the nerve i s  c e r ta in  to  happen soon er or l a t e r  a s  a 
secon dary phenomenon; where the p a r a s it e s  in  the form er c o n d it io n  
p ass in t o  and d ie  in  the nerve i t s e l f ,  then  the l e s i o n  w i l l  i n  a 
sen se  be a prim ary in flam m ation . W hether t h is  happens i n  the  
absence o f  o th e r  le s io n s  in  th e  e y e , we cannot sa y . We don’ t  
th in k  s o .  A trop h ic  cupping i s  th e  r u le  in  the case  o f th e  
p o s t e r io r  d e g e n e r a tiv e  l e s io n ,  but in  the u v e i t i s ,  where a n te r io r  
and p o s t e r io r  le s io n s  are fr e q u e n tly  c o n jo in e d , glaucom atous 
cupping i s  common, the an gle  o f the eye b e in g  b lock ed  by the
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o r g a n ised  e x u d a te . S h ea th in g  a t  th e  d is c  i s  v a r ia b le ,  and i n  
our o p in io n  occu rs more o f te n  i n  th e  i n f l am m at o r y  than  in  the  
d e g e n e r a tiv e  le s io n #  The m ic r o sco p ic  appearances confirm  m ost 
o f  th e se  g e n e r a l i s a t io n s .
M ic r o sco p ic  ap pearances:
I n  the e a r ly  s ta g e s  o f th e  p o s t e r io r  u v e i t i s  the n erve  
head does n o t appear to  be a f f e c t e d .  I n  an e s ta b l is h e d  (a c u te  
to  su b acu te) ca se  th ere  i s  d e f in i t e  oedema o f  a l l  the t i s s u e s  
o f the p a p i l l a .  I t  even in v o lv e s  th e  a d ja cen t r e t in a .  The 
sw o lle n  d is c  p rotru d es in to  the v i tr e o u s ;  t h is  i s  n o t accom panied  
by v ery  much i n f i l t r a t i o n  w ith  inflam m atory c e l l s ,  a lth o u g h  the  
r e t in a l  and p o s t e r io r  c i l i a r y  v e s s e l s  show an u n u su a lly  h igh  
p ro p o r tio n  o f  e o s in o p h il  le u c o c y te s  th e n . I n  a d d it io n  a l l  the  
v a s c u la r  c o a ts  e x h ib it  s ig n s  o f h y p e r p la s ia  a t  a f a i r l y  e a r ly  
s ta g e  in  th e  c o n d it io n , and w ith in  the nerve i t s e l f  th e  n u tr ie n t  
v e s s e l s  a r e  engorged .
L a te r , in  the ch ron ic  s t a g e ,  th ere  i s  dense i n f i l t r a t i o n  
o f  the s e p ta  and p a p i l la  w ith  plasma c e l l s ,  lym phocytes and s e v e r a l  
e o s in o p h i l s ,  the form er o f which are  w id e ly  d is t r ib u t e d .  They can  
even  be se en  ly in g  on the su r fa ce  o f  the d is c  in  a p e l l i c l e  o f  
f i b r o g l i a l  t i s s u e  which has formed th ere  around the r o o ts  o f  the  
v e s s e l s ;  th ey  are  the dominant c e l l s  in  p e r iv a s c u la r  i n f i l t r a t i o n  
o f the sm a ll v e s s e l s  making up p a r t o f  the c i r c l e  o f  Z in n . The 
m ela n o b la sts  o f  th e  r e t in a  and the pigm ent c e l l s  o f th e  c h o r o id  now 
m igrate and accum ulate a t  the edge o f  the d is c  u s u a l ly  above the l e v e l
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o f  th e  lam ina c r ib r o s a . I n  one eye we found  them form in g  a  
m antle around a r e t i n a l  vein *  E a r ly  g l i o s i s  has a l s o  commenced, 
and i t  i s  n o t ic e a b le  th a t  i t  i s  th e  p a le r  o f  the g l i a l  n u c le i  which  
i s  in v o lv e d  i n  p r o life r a t in g ®  The oedema so  prom inent e a r l i e r  
a t  t h i s  s ta g e  i s  gone*
I n  the h e a le d  q u ie s c e n t  p o s t e r io r  u v e i t i s ,  g laucom atous 
cupp ing i s  the f i r s t  th in g  to  meet th e  e y e , the l e s i o n  b e in g  
u s u a l ly  a s s o c ia t e d  w ith  an a n t e r io r  one* The s e p t a l  v e s s e l s  have 
become l a r g e ly  s c le r o s e d  a s  to  a c e r t a in  e x te n t  have th e  r e t in a l  
and p o s t e r io r  c i l i a r y  a r t e r i e s .  The nerve f ib r e s  are  a tr o p h ic  and 
the p r o c e ss  o f  g l i o s i s  now h e a v i ly  in v o lv e s  the nerve proper a s  
w e ll  a s  th e  a d ja c e n t r e t in a .
I n  th e  p o s te r io r  d eg en e r a tiv e  l e s i o n  the p ic tu r e  i s  q u ite  
d i f f e r e n t .  We have n ever found the d is c  oedem atous, nor have we 
se e n  glaucom atous cupping; an a tr o p h ic  cupping i s  more l i k e l y  to  
be p r e s e n t .  E o s in o p h il le u c o c y te s  a t  a l l  s ta g e s  a re  con sp icu ou s  
by t h e ir  a b se n c e , n o t even  b e in g  s e e n  w ith in  the lumen o f  the  
v e s s e l s ,  which i s  a u s e fu l  way o f s p o t t in g  them q u ic k ly . S c le r o s i s  
o f  the r e t i n a l  and p o s te r io r  c i l i a r y  a r t e r ie s  does n o t seem to  
occu r . I n  advanced c a se s  th ere  i s  a s l i g h t  to  m oderate i n f i l t r a t i o n  
w ith  plasm a c e l l s .  The nerve i t s e l f  when the c o n d it io n  i s  advanced  
becomes a tr o p h ic  and g l io s e d  to  such  an e x te n t  th a t  th e  s e p t a l  
v e s s e l s  have la r g e ly  d isap p eared . W hile the ch o r o id a l pigm ent 
may be somewhat heaped a t  the d is c  m argin, more u s u a l ly  i t  i s  n o t .
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As f o r  th e  r e t i n a l  pigm ent a d ja c e n t to  th e  t i s s u e  i t  i s  among 
the f i r s t  to  become c o lo u r le s s .
From th e se  p a th o lo g ic a l  o b se r v a tio n s  i t  w ould seem  
th a t  th e  appearance o f  the o p t ic  n erve sh o u ld  be o f g r e a t  
im portance i n  th e  c l i n i c a l  d ia g n o s is  o f  a p o s t e r io r  l e s i o n ,  
e s p e c i a l ly  e a r ly  on . However, e a r ly  c a se s  are  r a r e ly  s e e n , s o ,  
a lth o u g h  i t  has been  r e p o r ted , we have never w itn e sse d  a 
p a p i l l i t i s .  The o p t ic  nerve head und oubted ly  i s  more u s e f u l  
i n  in d ic a t in g  which o f the two p o s t e r io r  l e s io n s  we a r e  d e a lin g  
w ith  i n  advanced c a s e s .  I t  i s  d o u b tfu l i f  e i t h e r  a p a p i l l i t i s  
or an o p t ic  a trop h y  e v er  occurs a p a r t from a c o e x is t in g  p o s t e r io r  
l e s i o n .  A f te r  a l l  on what grounds co u ld  such primary c o n d it io n s  
be d ia g n o sed  as b e in g  due to  o n c h o c e r c ia s is  where found a lon e?
The p ic tu r e  i s  q u ite  n o n - s p e c i f ic .
But t h is  i s  dangerous ground on which we are tr e a d in g ;  
th a t  the o p t ic  nerve in  o n c h o c e r c ia s is  can e x h ib it  a p a p i l l i t i s  
or an a trop h y  we have dem onstrated , a lth o u g h  in  ev ery  c a se  a lo n g  
w ith  and a p p a r e n tly  secondary to  a c o e x is t in g  l e s io n  in  the p o s t e r io r  
uvea and r e t in a ;  t h e o r e t ic a l ly  a prim ary a f f e c t io n  c o u ld  a l s o  occu r . 
That has to  be ad m itted .
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P A R T  V.
CONCLTOIRS
1 2 3 4 5The names o f  O choterena , S tro n g  , H is s e t t e  ’ and R odhain a re
among the m ost renowned i n  th e  h i s t o r y  o f  th e  p a th o lo g y  o f
o n c h o c e r c ia s is *  Of B r i t i s h  w ork ers, B ryant r e p o r te d  on two
e y es  e x h ib i t in g  th e  p o s t e r io r  seg m en ta l l e s i o n  which he c a l l e d
7
’ Sudan B lin d n e s s 1; Hughes r e p o r te d  on one eye o b ta in ed  a t
8a u to p sy ; R id le y  , who was u n lu ck y  and o b ta in ed  no e y e s ,  d id  
B r i t i s h  ophthalm ology a s e r v i c e ,  n e v e r t h e le s s ,  by r e v ie w in g  the  
s u b je c t  a t  a tim e when i t  was b a d ly  n eed ed . T his r e v ie w  has  
c e r t a in  l im it a t io n s  based  on the f a c t  th a t  i t  i s  a sum m arised  
v e r s io n ,  p a r t  o f  a monograph on th e  e n t ir e  s u b je c t  o f  o n c h o c e r c ia s is  
I n  the c ircu m sta n ces  i t  would seem we were m ost fo r tu n a te  to  o b ta in  
the amount o f m a te r ia l we d id , f o r  u n lik e  most o th er  w orkers no 
eye was b ou gh t, or o b ta in ed  a t  a u to p sy ; each  was e x c is e d  
s u r g ic a l ly ,  a f t e r  s e l e c t i o n ,  w ith  f u l l  p er m iss io n  o f  the p a t ie n t*  
W hat, b r i e f l y ,  has emerged from t h is  t h e s is ?  A l l  th e  
e v id en ce  s u g g e s ts  th a t  the dead b o d ie s  o f  mf. v o lv u lu s  a c t  a s  
ch em ica l p o iso n s*  Animal p a r a s it e s  a re  fr e q u e n t ly  l i v i n g  i r r i t a n t s  
a c t in g  by v ir t u e  o f  to x in s  which th ey  e x c r e t e ,  or  by th e  m ech an ica l 
i r r i t a t i o n  th ey  e x c it e *  The a d u lt  0 .  v o lv u lu s  may come in t o  the  
form er c a te g o r y  a s  f a r  as the d e g e n e r a tiv e  l e s i o n  i s  con cern ed , 
but in  a l l  the o th e r  o c u la r  m a n ife s ta t io n s  i t  i s  a lm o st c e r t a in ly  
n ot in v o lv e d . I t  i s  w e l l  a d a p ted . The m f. are a l s o  w e l l  
adapted  d u rin g  t h e ir  l i f e t i m e .  A f te r  th ey  d ie ,  n e v e r t h e le s s ,
-135-
the products of their dissolution cause a violent but brief 
local reaction; the subsequent dilution and dispersal of the 
toxic products by the tissue fluid leads to a comparatively mild 
chronic phase. As the processes of tolerance set in, so 
subsequent mf. deaths lead to less and less severe acute attacks, 
but prolong the duration of the irritation. For the greater 
part in the course of this disease, therefore, the toxins will 
act as stimulants to growth, different cells being activated to 
varying extents - rather than necrotisers. Thus initially we 
have a destructive lesion which is followed by insidious changes 
furthering those processes which lead to blindness unless tolerance 
occurs first.
Helminthic parasites are usually engulfed when they die 
by macrophages. In onchocerciasis as far as the mf. are concerned
these cells are conspicuous by their absence, and when a few do
appear it is only in the late stages after the parasite has been 
absorbed; it is the dead tissues they are probably scavenging, 
especially debris within the chambers of the eye. This makes 
the condition unique. It also means the parasite bodies must be 
quickly fragmented and absorbed, although the products of
disintegration seem to linger on for a while.
The cells which are present during the acute phase are 
eosinophil leucocytes, which conforms with the general idea that 
they are attracted by the products of animals’ parasites. These 
cells appear in the affected tissues quickly and disappear just
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as quickly early in the disease, although naturally an eosinophilia
of the usual order in parasite infestations can always be found
even in chronic infections. The fact that plasma cells and
lymphocytes appear in large numbers, following the acute reaction,
9strengthens the view that antibody formation occurs. Boyd' 
believes that both these cells are concerned with the development 
of a complete or partial immunity, which, in fact, our experiments 
demonstrate. That we were unable to demonstrate the transfer of 
antibodies in the guinea pig or rabbit does not weaken the 
absolute results achieved in the second group of animal experiments 
and in man (especially) where a noxious dose of dead mf. injected 
under the conjunctiva produced a violent local reaction in non­
infected subjects; on the other hand, in subjects who appeared 
to be immune to infection - by reason of the fact that parasites 
were present in their eyes in great abundance in the absence of 
any ill-effect - similar injections led to no reaction whatever.
T his seem s to  the w r ite r  to  be an o r ig in a l  o b se r v a tio n  o f  th e  
h ig h e s t  im p ortan ce .
As has been stated above, a great many of the catastrophes 
in ocular onchocerciasis result from the processes of stimulation, 
or repair. This particularly affects the fibrocytes, the vessels 
and the pigment cells. It is the growth of these cells into the 
cornea which turns it permanently opaque. The posterior uvea 
and the optic nerve suffer in the same way as a result of the
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proliferation of glia and fibrous tissue. On the other hand, 
the exudate which occurs in the acute eye is, if anything, even 
more prone to lead to blindness as it becomes organised. In the 
case of the degenerative lesion, where we don’t seem to be dealing 
with an exogenous infection, sclerosis of the choroid is probably 
the dominant factor, whatever its origin.
These studies suggest how we should tackle the problem
of ocular onchocerciasis therapeutically. The quicker the acute
attack is brought under control, the fewer the complications 
10(Rodger ); the question of an acquired immunity on the other 
hand needs fuller investigation. It is unlikely, where mf. are 
found in the conjunctival biopsies and seen in the cornea and 
anterior chamber of the ocular biomicroscope in eyes that are 
perfectly quiet and reveal no signs of a previous attack, that 
none of the parasites (as many as 50 have been counted in such 
eyes) has died at the time of examination. It is even less 
likely that the invasion is a recent one. We have seen too 
many cases for this to be tenable. The only explanation is 
that these eyes have acquired tolerance. But the idea of 
complete or partial immunity (tolerance) gains credence beyond 
these arguments when we consider the fact that very few at all 
of those who have ocular lesions go blind. In short, the circle 
of reasoning always returns to the question of antibodies. As 
the latter consist largely of gamma-globulins their formation 
must depend upon the general protein reserve of the body. This
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i s  u n iv e r s a l ly  low , a lth o u g h  to  v a r y in g  d e g r e e s , i n  o n c h o c e r c ia s is  
a r e a s .  But who i s  to  sa y  what th e  th r e s h o ld  v a lu e s  may be o f  
the p r o c e ss e s  w hich determ ine th e  degree  o f  immunity? There are  
too  many im ponderab les here to  make i t  a f r u i t f u l  l i n e  o f  c o n je c tu r e  
a t  the moment, n o t u n t i l  our e x p e r im en ta l c o n c lu s io n s  have been  
confirm ed  by somebody e l s e  a t  any r a t e .
The g r e a te s t  c o n tr o v e r sy  a t  p r e se n t  r e v o lv e s  around  
the p a th o g e n e s is  o f  the p o s t e r io r  seg m en ta l l e s i o n .  The v iew  
e x p r e sse d  h e r e , th a t  th ere  are  two c o n d it io n s ,  i s  c l i n i c a l l y  sound , 
and th e  e v id en ce  i s  in c o n tr o v e r t ib le  th a t  w h ile  one i s  ca u sed  by 
the d eath  o f  mf. i n  the u v ea , th e  o th e r  i s  n o t; i t  i s  o n ly  the  
p a th o g e n e s is  o f  the l a t t e r  l e s i o n  w hich rem ains i n  d ou b t. The 
p o s s i b i l i t y  th a t  i t  i s  caused  by a t o x in  s e c r e te d  by th e  a d u lt  
worms combined w ith  a v ita m in  A d e f ic i e n c y  was b ased  on e v id e n c e  
b u i l t  up c a r e f u l ly  from a number o f  f in d in g s ,  s t a t i s t i c a l ,  
e p id e m io lo g ic a l ,  p h y s ic a l ,  n u t r i t i o n a l  and p a th o lo g ic a l;  b u t i t  
i s  s t i l l  somewhat e q u iv o c a l;  n o r , we a d m it, are the th e r a p e u t ic  
t r i a l s  v ery  c o n v in c in g . I t  may be th a t  i t  i s  th e  d ea th  o f  the  
a d u lts  w hich r e le a s e s  ( a s  a prod u ct o f d is in t e g r a t io n )  a t o x in  
p o is o n in g  th e  ch o ro id  and r e t in a ,  the on ly  d if fe r e n c e  b etw een  
t h is  c o n jec tu r e  and what we know happens in  the c a se  o f  th e  m f, 
b e in g  th a t  th e  a d u lts  d ie  o u ts id e  the e y e b a l l .  For an ad eq u ate  
t i t r e  o f  to x in  to  a r i s e  t h is  way one su p p oses s e v e r a l  a d u lt  worms 
would have to  d ie  about the same tim e; from what we know o f  the  
n a tu r a l h i s t o r y  o f  o n c h o c e r c ia s is  such a th eory  f i t s  i n  w e l l
w ith  th e  age  o f  o n se t  o f  the p o s t e r io r  d e g e n e r a tiv e  l e s i o n  w hich  
c o in c id e s  i n  p o in t  o f  tim e w ith  th e  e x p e c te d  d ea th s o f  th e  f i r s t  
a d u lt s  o r i g i n a l ly  p la c e d  i n  th e  body ab ou t th e  age o f  5° Such
th en  are  the f a c t s  and figm en ts*
I n  c o n c lu s io n , i t  must be s a id  th a t  we hope t h i s  t h e s i s  
may make o n c h o c e r c ia s is  more c r e d ib le  to  th o se  who have n o t  worked  
in  endem ic a r e a s  and are  (n o t  u n n a tu r a lly )  u s u a l ly  u n co n v in ced  a t  
the en orm ity  o f  th e  problem ; i t  i s  a l s o  hoped th a t  t h e s e  s t u d ie s  
may h e lp  to  advance our knowledge to  a s ta g e  where the o c u la r  
c o m p lic a tio n s  can be p rev en ted , and a la r g e  u n d e r -p r iv i le g e d  
p r o p o r tio n  o f  mankind g iv en  r e le a s e  from  what can be c a l l e d  -  
w ith ou t any s u s p ic io n  o f  melodrama -  a l i v i n g  death* A .b lin d  
man in  A fr ic a  i s  comparable to  a m e n ta l ly - d e f e c t iv e  c h i ld  i n  an  
im p overish ed  fa m ily  i n  the w est;  and th e r e  i s  no H e a lth  S e r v ic e  
to  tak e  care o f  him*
Kumaon H i l l s ,  I n d ia . 1 s t  .June, 1958 .
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Photo graphB to  94
EXPERIMENTAL MATERIAL
F i g .  1 : R a b b it  1 2 . S u b c o n ju n c t iv a l  i n j e c t i o n  o f  l i v i n g  mf.
r e p e a te d  a f t e r  a  f o r t n i g h t  a n d  k i l l e d  two days a f t e r  
se co n d  i n j e c t i o n .
•C orneal in v o lv e m e n t i s  r e s t r i c t e d  t o  th e  m ost 
s u p e r f i c i a l  la m e lla e  o f  th e  s tro m a  im m e d ia te ly  a d ja c e n t  
to  th e  lim b u s . The c o m p le te  a b s e n c e  o f  e o s in o p h i l  
le u c o c y te s  i s  a  n o ta b le  f e a t u r e .  S u b c o n ju n c t iv a l  oedema 
an d  c e l l u l a r  i n f i l t r a t i o n  was s l i g h t .  X 410*
F i g .  2; R a b b it  1 1 . T re a te d  e x a c t ly  a s  above ( R a b b i t  12) b u t 
dead  m f. w ere u s e d .
The s u b c o n ju n c t iv a l  s tro m a  shows a  d i f f u s e  c e l l u l a r  
i n f i l t r a t i o n  w hich c o n s i s t s  p re d o m in a n tly  o f  e o s in o p h i l  
l e u c o c y te s ,  w hich have fo rm ed  i n  one a r e a  a  w e l l -  
d em ark a ted  a n d  l o c a l i s e d  a g g r e g a t io n  im m e d ia te ly  u n d er 
th e  e p i th e l iu m  a d ja c e n t  to  th e  l im b u s . F ra g m e n ts  o f inf• 
a r e  p r e s e n t  among th e  c e l l s .  T h is  i s  th e  a c u te  phase 
o f a n  o n c h o c e rc a l l i m b i t i s .  X 260.
F ig .  R a b b it  23 . 8 w eekly  s u b c o n ju n c t iv a l  i n j e c t i o n s  o f dead
m f. and  th e n  k i l l e d  day a f t e r  l a s t  i n j e c t i o n .
An in flam m ato ry  pannus p a s se s  f o r  1—2 mm. i n t o  the 
c o rn e a  from  th e  lim b u s on one s id e  o f  th e  s e c t i o n  ly in g  
c lo s e  u n d e r  th e  e p i th e l iu m . The l im b a l  r e g io n  i s  
v a s c u l a r i s e d  an d  c o n ta in s  among th e  v e s s e l s  e o s in o p h i l  
le u c o c y te s  an d  p lasm a c e l l s .  T h is  i s  an  o n c h o c e rc a l  
l i m b i t i s  w ith  a  commencing s c le r o s in g  k e r a t i t i s .
X 125 .
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F ig *  1
F i  g .  2
F ig *  5
t ••••' . l & i f l i
R a b b it  8* I n t r a c o r n e a l  i n j e c t i o n s  o f  d ead  m f. r e p e a te d  
5 days l a t e r .  The a n im a l was k i l l e d  10 days a f t e r  th e  
seco n d  i n j e c t i o n .
An in fla m m ato ry  r e a c t i o n  c a n  be s e e n  in v o lv i n g  h a l f  
th e  s tro m a  and  c o n s i s t i n g  o f  a n  o r g a n is in g  s u b a c u te  
k e r a t i t i s  i n  w hich e o s in o p h i l  l e u c o c y te s ,  ly m p h o cy te s  
and  p lasm a c e l l s  a r e  p r e s e n t .  Rew v e s s e l s  have grown 
o u t from  th e  p e r ip h e ry  q u ic k ly  to  th e  a r e a  o f th e  
i n j e c t i o n  w hich l a y  a b o u t  5 rom* from  th e  l im b u s .  T h is  
i s  a  s c l e r o s i n g  k e r a t i t i s  a s s o c i a t e d  w ith  i n t e r s t i t i a l  
a r e a s  o f in f la m m a tio n . X 1 2 5 .
R a b b it  1 4* Read m f. p la c e d  i n  th e  A n te r io r  Chamber and 
i r i s  and  an im al k i l l e d  2 days a f t e r  i n j e c t i o n .
The e p i s c l e r a l  t i s s u e s  and  p e r ip h e r a l  c o r n e a l  strom a 
show an  in flam m ato ry  i n f i l t r a t i o n  w ith  num erous e o s in o p h i l  
le u c o c y te s  i n  i t .  I t  i s  s u g g e s te d  i n  th e  t e x t  t h a t  th is  
r e a c t i o n  i s  due to  f l u i d  from  th e  s u s p e n s io n  o f dead  mf. 
h a v in g  been  r e le a s e d  d u r in g  th e  p a ssag e  o f th e  n e e d le .
The p ic tu r e  i s  one o f a  commencing s c le r o s i n g  k e r a t i t i s  
i n  a  k e r a t o u v e i t i s ,  e x a c t ly  com parable to  w hat i s  s e e n  in  
man. X 75*
R a b b it 14* As above . H igh  power v iew  o f  a n g le  o f  e y e .
The f i l t r a t i o n  a n g le  i s  e n c i r c le d  w ith  e o s in o p h i l  
l e u c o c y te s ,  some m onocytes and  a few plasm a c e l l s .  There 
i s  abundan t f ib r in o u s  ex u d a te  i n  th e  a n t e r i o r  cham ber. 
B lockage o f th e  a n g le  o f th e  eye i s  a  common c o m p lic a t io n  
o f a  k e r a to u v e i t i s  o r  a n t e r i o r  u v e i t i s .  X 260 .
I d
r . : v
C r  '  ' 1  * 0  m ' ’  ^
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F i g .  5
F i g .  6
j
F i g .  7 : R a b b it  1 4 .  As above* H igh  power v ie w  o f  i r i s .
Over the su r fa ce  o f  the i r i s  th ere  has form ed a 
f in e  o r g a n is in g  membrane. There i s  a d i f f u s e  e o s in o -  
p h i l ia  on the, i r i s  v e s s e l s ,  the endothelium  o f  w hich  
i s  s w o lle n , and in  p la c e s  o c c lu d es  the lumen. The 
strom a e x h ib it s  a f ib r in o u s  exu d ate  i n  which many e o s in ­
o p h ils  are p r e se n t. The pigm ent c e l l s  have moved 
forw ard to  the a n te r io r  fa c e  form ing a s o l i d  b a r r ie r  
underneath the su r fa c e  e x u d a te . T h is i s  an o n c h o c e r ca l  
a n te r io r  u v e i t i s .  ' X 5 2 0 .
F ig .  8 : R abbit 5* Dead mf, in j e c t e d  in t o  the i r i s  d i r e c t ly
(a  heavy load) and the anim al k i l l e d  6 weeks l a t e r ,  when 
the c o n d it io n  was subacute to  c h r o n ic .
The f i l t r a t i o n  a n g le  i s  b lo ck ed  w ith  o r g a n ise d  
exudate in  which many plasma c e l l s  and a few  m onocytes  
and e o s in o p h ils  are p r e s e n t . I n  the r o o t  o f  th e  i r i s  
a few  h y a lin e  sp h eru les  can be s e e n . T h is i s  th e  
c la s s i c  p ic tu r e  o f o n ch ocerca l a n te r io r  u v e i t i s  i n  man.
X 125 .
F ig . 9 s R abbit 5® As above.
An organ ised  membrane o c c lu d es  the p u p il .  X 2 8 .
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F ig *  7«
F i g .  8
F ig .  9
i
F i g .  10: R a b b it  2 1 .  Same t r e a t m e n t  a s  a b o v e  (R a b b i t  3) „
F ib ro u s  t i s s u e  has p r o l i f e r a t e d  w ith in  th e  i r i s  
strom a . The v a s c u la r  e n d o th e liu m  i s  s w o lle n  and some 
v e s s e l s  o c c lu d e d . T here i s  a  c h r o n ic  in flam m atory  
c e l l  i n f i l t r a t i o n  th ro u g h o u t; th e  p o s t e r io r  p igm ent  
e p ith e l iu m  form s a s o l i d  band on th e  p o s t e r io r  fa c e  
b u t th e  band o f  chrom atophores a lo n g  th e  a n t e r io r  fa c e  
i s  b r e a k in g  down and t h in n in g  o u t , s i g n i f y in g  h e a l in g .  
T h is  i s  c h a r a c t e r i s t i c  o f  th e  i r i s  i n  a c h r o n ic  
a n t e r io r  u v e i t i s .  X 125*
F ig .  1 1 : R ab b it 35* Subcutaneous i n j e c t i o n s  o f  dead m f. were
g iv e n  w eek ly  f o r  two months i n  an a ttem p t to  p o is o n  
th e  r e t in a  o r  th e  c h o r o id .
Ho a b n o rm a lity  o f  th e  p o s t e r io r  segm ent o f  th e  eye  
e x i s t s .  T h is specim en i s  s t a in e d  w ith  M asson, u n l ik e  
th e  o th e r s  a l l  o f  w hich a re  s t a in e d  w ith  H aem atoxy lin  
and e o s in .  X 2 6 0 .
HOMAN MATERIAL
p i  g . 12: M f. v o lv u lu s  i n  s k in  b io p sy  1 by 2 mm. Mayer* s  haemalum.
X 5 5 .
F i g .  10
F i g .  11
F i g .  12
Fi g. 13s Mf. vo lvu lu s. Mayer1 s haemalum. X 220.
F ig .  1 4s M f. s t r e p t o c e r c a .  M ayer*s haemalum*
F ig .  13: Mf. p e r s ta n s . Gdemsa (B .66)«
X 2 2 0 .
X 2 2 0 .
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F i g .  14
F i g .  15
Fig. 16: Mf. bancrofti. Ehrlich*s haematoxylin. X 220.
F ig . 17: M f. l o a .  E hrlich* s  haem atoxylin *







F i g .  16
,-r-t^  '. -.y • .’• vv ^ '  f  '
'  "M ? \* A  ' ) '
r < V -v  - y  •  " ' } < > ' .
i f  i  n  * ■ / •  '*  '





*♦ * . ** * V*
~k />
,  ‘A .V6*r 
7  » \  - / • .  J» •
F ig . 19: Mf. v o lv u lu s  in  lipom a (Bung eye) « H & E .  X 110.
F ig .  20: Bung eye -  s im p le  lo b u la te d  lip o m a . H & E .  X 110 .
F ig .  21: M f. v o lv u lu s  in  su b c o n ju n c t iv a l t i s s u e .  H & E .
X 2 80 .
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F ig . 19
F ig . 20
F ig . 21
F ig . 22: Mf. in  corn ea l pannus® M asson. X 220.
F ig .  2$: M f. v o lv u lu s  p a s s in g  cLoto. i n  sh e a th  o f  p e r fo r a t in g
a n te r io r  c i l i a r y  v e sse ls®  M asson. X 220 .
F ig . 24: M f. v o lv u lu s  i n  a n te r io r  chamber. P h lo x in e
Tartrazine®  X 220 .

F ig . 25: Mf. v o lv u lu s  in  i r i s .  P h lox in e  T artrazine* X 500®
F ig .  26: Mf. v o lv u lu s  i n  v i t r e o u s .  Masson* X 440,
F ig .  27: M f. v o l v u l u s  i n  c i l i a r y  b o d y .  P h l o x i n e  T a r t r a z i n e .
------------- X 5 0 0 .
F ig ,  27
F ig , 28: Mf, v o lv u lu s  in  choroid# Masson. X 350.
F ig .  29: M f, v o lv u lu s  i n  r e t in a .  P h lo x in e  T a r tr a z in e .
X 440 .
F ig .  30: M f. v o lv u lu s  i n  o p t ic  n e r v e . P h lo x in e  T artrazin e-.
X 4 40 .
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F ig .  28
L iv in g  mf. v o lv u lu s in  cornea. H & E* X 500.
M f. v o l v u l u s  i n  c o r n e a ,  s o i& a tic  s t a i n i n g *  
T a r t r a z i n e *
M f. v o lv u lu s  in  co rn ea , b a l lo o n in g .  H & E# X 500*
P h l o x i n e  
X 500*

M f. v o lv u lu s  i n  c o r n e a , fra g m en ta tio n *  H & E*
X 5 0 0 .
M f. v o lv u lu s  i n  co rn ea , d i s s o l u t io n  and. a b s o r p t io n .  
H & E . .2 1  2 2 0 o
P a tch  type o f  p u n cta te  c o r n e a l o p a c i ty .  H & E .
X 150

F ig . 37: P u n cta te  c o r n e a l o p a c ity  i n  o n c h o c e r c ia s is  s u b j e c t .
H & E . X 150o
Fie:. 38: M f. v o l v u l u s  i n  e p i t h e l i a l  c y s t  i n  c o r n e a .  H & Eo
F ig .  59: A c u te  l i m b i t i s .  Two m f . v o l v u l u s  ( l i v i n g )  c a n  b e
s e e n .  H & E . X 3©*
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F ig .  3Q
F ig .  39
F ig .  57
Fig* 40s Pannus onchocercosus. P h lo x in e  T artrazine* X 410®
F ig . 41: S c le r o s in g  k e r a t i t i s ,  p igm ent i n  e p ith e liu m  a t  b a se  
o f  pannus (zo n e  3 )*  U n sta in ed *  X 110*
F ig . 42: C hronic q u ie s c e n t  k e r a t o u v e i t i s  w ith  marked i n t e r s t i t i a l
k e r a t i t i s .  Masson* X 30*
154
F i g. 40
F i g .  41
F i g .  42
F ig .  45: B lea ch ed  n e g r o id  i r i s  to  show a v era g e  d i s t r ib u t io n
o f  clump c e l l s  i n  a p p a r e n tly  h e a lth y  e y e .
P h lo x in e  T a r tr a z in e . X 1 1 0 .
F ig .  44: E a r ly  m ig r a tio n  o f  p igm ent from  r o o t  o f  i r i s  i n
a c u te  a n t e r io r  u v e i t i s .  M asson . X 1 1 0 .
F ig .  45 s E s ta b l is h e d  su b acu te  a n t e r io r  u v e i t i s  to  show w ide  
d is t r ib u t io n  o f  pigm ent c e l l s  i n  strom a. M asson.
X 110 .
F i g .  45
F i g .  44
F i g .  45
F ig .  46: A cute a n t e r io r  u v e i t i s  w ith  dense clum ping.
P a r t  o f  a m f. i s  p r e s e n t . M asson. X 4 0 0 .
F ig .  47: P igm ent m an tles  on i r i s  c a p i l l a r i e s  i n  a n t e r io r
u v e i t i s .  H & E . X 5 0 0 .
F ig .  48: B lea ch ed  m ela n o b la sts  o f  i r i s  su rrou n d in g  b lo o d
v e s s e l  i n  a cu te  a n t e r io r  u v e i t i s ,  e a r ly  s t a g e s .  
P h lo x in e  T a r tr a z in e . X 5 0 0 .

F ig .  49: H ea lth y  i r i s  b lo o d  v e s s e l  w ith  c h a r a c t e r i s t i c  sp ace
i n  w a l l .  M a llo r y . X 500*
F ig .  50* H y a lin is e d  b lo o d  v e s s e l s  i n  advanced  a n t e r io r  u v e i t i s  
and a g g r e g a tio n  o f  p igm ent c e l l s ,  th e  round g r a n u le s  
o f  w hich can  be made o u t .  M a llo r y . X 500°
F ig .  51s A cute a n t e r io r  u v e i t i s ,  w e l l  e s t a b l i s h e d ,  sh ow in g  
s w e l l in g  o f  v a s c u la r  en d o th e liu m  and r e d u p lic a t io n  
o f  a r t e r i o l e s ,  a s  w e l l  a s  h y p e r a c t iv i t y  o f  p igm en t. 
M asson. X 5 0 0 .
F i g .  30
F i g .  49
F i g* 52: C hronic a n t e r io r  u v e i t i s .  P lasm a c e l l s  dom inate i n
th e i n f i l t r a t e *  A lso  s e e n  a re  an i n t r a c e l l u l a r  R u s s e l l  
body and f r e e  pigm ent gran u les*  M asson. X 500*
F ig*  53s H igh  power v iew  o f  clump c e l l s  i n  i r i s  sh ed d in g  p igm ent 
g r a n u le s . M allory* X 860*
F ig .  54: H e a lin g  a n t e r io r  u v e i t i s ,  i r i s  strom a shows p e r s i s t e n t
plasm a c e l l s ,  a s in g le  h y a l in e  s p h e r u le , and s ig n s  o f  
declum ping o f  pigment* H & E* X 260*
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F i g .  52
■Fig* 55
F i g .  54
F ig . 55: H ealed  chron ic a n te r io r  u v e i t i s .  Masson. X 110.
F ig .  56: H ea led  a n t e r io r  u v e i t i s  show ing p o s t e r io r  sy n e e h ia e
a t  p u p il la r y  m argin . M asson . X 1 8 0 .
F ig .  57 : H ea led  a n t e r io r  u v e i t i s  w ith  o r g a n ise d  p u p il la r y
memhrane. H & E .  X 1 1 0 .
F ig ,  36
F i g ,  57
F i g ,  53
F ig .  58: O c c lu s io  p u p il la e  i n  o ld  q u ie s c e n t  a n t e r io r  u v e i t i s .
M asson. y X 8 0 .
F ig .  59: B lock age  o f  f i l t r a t i o n  a n g le  i n  h e a le d  a n t e r io r
u v e i t i s .  M asson. X 110,
F ig .  60: A cute phase o f  a n te r io r  u v e i t i s  show ing exudate i n
a n t e r io r  p a r t  o f  v i t r e o u s ,  a s  e n d o p h th a lm itis  d e v e lo p s ,  
w ith  am oeboid lym phocytes and m onocytes p r e s e n t .
H & E . X 2 2 0 .
F i g .  38
F i g .  59
F i g .  60
Figo 61: S c l e r o s i s  o f c i l i a r y  a r te r y  i n  a n t e r io r  u v e i t i s  w ith
c h r o n ic  in flam m atory  c e l l  i n f i l t r a t i o n  o f  stroma® 
M a llo r y . X 5 0 0 °
F ig .  62; M f. v o lv u lu s  in  c h o r o id . E a r ly  in v a s io n  o f  ch o r o id  
f o l lo w in g  an  a n t e r io r  u v e i t i s ,  M asson, X 1 8 0 ,
F ig .  65: E a r ly  s ig n s  o f  a c t i v i t y  o f  r e t i n a l  and c h o r o id a l
p igm ent i n  p o s t e r io r  e x u d a tiv e  u v e i t i s ,  M asson,
X 2 2 0 ,
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F ig *  61
F i g .  62
F i g .  63
Fig* 64: A g g r e g a tio n  o f  r e t i n a l  p igjnent and m ig r a tio n  o f
c h o r o id a l forw ard in t o  c h o r io c a p i l l a r i s  i n  p o s t e r io r  
e x u d a tiv e  u v e i t i s #  Masson# X 500®
F ig . 65: P o s t e r io r  e x u d a tiv e  u v e i t i s #  The c u t ic u lu m -s e c r e t in g
c e l l s  o f  th e  pigm ent e p ith e l iu m  a r e  c le a r ly  s e e n  where 
th e  p igm ent c e l l s  have broken away# Bruch1 s  membrane 
i s  v i s i b l e  b e lo w , in t a c t #  Masson# X 500#
F ig .  66: O ld h e a le d  ca se  o f  p o s t e r io r  e x u d a t iv e  u v e i t i s  w ith
m ig r a tio n  o f  r e t i n a l  p igm ent i n t o  r e t in a  and clum ping  
o f  r e s id u a l  c e l l s .  The a r e a  h as now been  b a d ly  
a f f e c t e d .  P h lo x in e  t a r t r a z in e .  X 140#
F i g .  63
jft'k :* ? -'* * #  ($f
F ig .  67: A cute phase o f  p o s t e r io r  u v e i t i s  w ith  c h o r o id a l
c o n g e s t io n , r e d u p l ic a t io n  o f  v a s c u la r  in tim a  and  
many e o s in o p h ils  i n  th e  h lo o d  v e s s e l s *  M asson.
X 2 2 0 .
F ig .  68: Advanced s ta g e  i n  p o s t e r io r  e x u d a tiv e  u v e i t i s  w ith
marked c h o r o id a l s c l e r o s i s ,  i n f i l t r a t i o n  w ith  plasm a  
c e l l s ,  a R u s s e l l  body, and break -u p  o f  r e t i n a l  p igm ent 
a s s o c ia t e d  w ith  inw ard m ig r a t io n  o f  th e  c h o r o id a l.  
M asson. X 2 2 0 .
F ig .  691 The same a s  F ig .  68 , a d ja c e n t .  W hile the c h o r io c a p i l l a r i s  
i s  s t i l l  p a te n t ,  th e  o v e r ly in g  r e t in a  has s t a r t e d  to  
d eg en era te  o v er  a p o r t io n  o f  c h o r o id  th a t  i s  b a d ly  
a f f e c t e d .  M asson. X 2 2 0 .
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F i g .  67
F i g .  68
F i g .  69
F ig .  7 0 : Exudate on th e  su r fa c e  o f  th e  r e t in a  i n  a p o s t e r io r
e x u d a tiv e  u v e it is ^  show ing f i b r o b l a s t s .  Masson©
X 280«
F ig .  711 The same i n  a n o th er  eye  sh ow in g  am oeboid lym ph ocytes  
and a m acrophage. M asson. X 2 8 0 .
F ig . 7 2 s Subacute p o s t e r io r  u v e i t i s  w ith  a n odu le o f  lym p h ocytes  
i n  th e  c h o r o id . T h is i s  uncommon. The o v e r ly in g  
r e t in a  i s  c o m p le te ly  d e s tr o y e d , o n ly  a few  b ip o la r  
c e l l s  p e r s i s t i n g .  The membrane o f  Bruch i s  h ig h ly  
r e s i s t a n t  and i s  w e l l  s e e n .  M asson. X 2 2 0 .
F i g .  71
F i g .  72
F ig .  75? Plasm a c e l l  i n f i l t r a t i o n  i s  c h a r a c t e r i s t i c  o f  the
p o s t e r io r  e x u d a tiv e  u v e i t i s .  M a llo r y . X 2 2 0 .
F ig .  74 : C hronic p o s t e r io r  u v e i t i s  sh ow in g  p a tch  o f  c h o r io ­
r e t i n a l  d e g e n e r a tio n  w ith  h eavy  i n f i l t r a t i o n  o f  c h o r o id  
by plasm a c e l l s  and c o n g e s t io n  o f  v e s s e l s .  M a llo r y .
X 90«
gig- 75> A nother o f  th e  same* M a llo r y . X 9 0 .
165
F i g .  75
F i g .  74
F i g .  75
F ig .  76 : B le s s ig - I w a n o f f  c y s t s  and c o l l o i d  b o d ie s  i n  o ld
q u ie s c e n t  e x u d a tiv e  u v e i t i s  where b o th  the a n t e r io r  
p a r t  o f  th e  c h o r o id  and th e  a n t e r io r  uvea  were a f f e c t e d .  
H & E . X 110o
F ig . 77: A cute phase o f  p o s t e r io r  e x u d a t iv e  u v e i t i s  w ith  g r e a t
oedema o f  th e  p a p i l l a .  M allory*  X 220*
F ig .  78: P o s t e r io r  ex u d a tiv e  u v e i t i s ,  now h e a le d , e x h ib i t in g  lo n g
a rea  o f  c h o r io r e t in a l  d e s tr u c t io n  a t  the p o s t e r io r  p o l e .  
T h is i s  th e  s ta g e  w hich r e se m b les  th e  d e g e n e r a tiv e  l e s i o n  
m ost* Masson* X 5 0 .
F ig *  76
F i g .  78
F ig .  79 : O ld c h r o n ic  o n ch o cerea l a n t e r io r  u v e i t i s  w ith  some
in v o lv em en t o f  th e  c h o r o id  a s  w e l l ,  w hich has l e d  to  
a secon d ary  glaucoma* Deep cu p p in g  o f  d i s c .
M asson. X 1 2 0 .
F ig .  80s Normal appearance o f  r e t i n a l  p igm ent g r a n u le s .
P h lo x in e  t a r t r a z in e .  X 1 0 0 0 .
F ig .  81: F i r s t  change i n  the p o s t e r io r  d e g e n e r a tiv e  l e s io n :
r e t i n a l  d ep ig m en ta tio n , g iv in g  r i s e  to  term " f r e c k l in g  
o f  th e  fu n d u s" . M a llo r y . X 5 0 0 .
F ig >  81
Fig® 82; H ere th e  d ep ig m en ta tio n  o f  th e  r e t i n a l  pigm ent e p ith e l iu m  
i s  g r e a te r  and th e  c h o r o id a l p igm ent has m ig ra ted  inw ards. 
Van G ie so n  -  W eigerto  X 500®
F ig .  8$: A more advanced s ta g e  s t i l l  o f  r e t i n a l  d ep ig m en ta tio n
w ith  s t i l l  no s ig n  o f  clumping® Masson® X 440®
F ig .  84: Compare w ith  Fig® 83* T h is  s e c t i o n  shows a s im i la r  change
i n  the r e t i n a l  pigm ent e p ith e l iu m  i n  th e  eye o f  a monkey 
w hich h as been  made d e f i c i e n t  i n  v ita m in  A® U n p u b lish ed  
work b e in g  com p leted  i n  I n d ia  by th e  author® Masson®




F i g .  82
F i g .  85
F i g .  8 4
F ig .  85s H ea lth y  m acula i n  e a r ly  c a se  o f  d e g e n e r a tiv e  l e s i o n .
M asson. X 55-
F ig .  86: A f f e c t e d  m acu la , p igm entary  changes and oedema, i n
a n o th er  e a r ly  c a se  o f  th e  d e g e n e r a tiv e  l e s i o n .
H & E . X 110,
F ig .  8c7: H igh power v iew  o f the m acu lar oedema i n  th e  p r e v io u s
c a s e .  H & E . X 5 0 0 .

F ig . 88: Edge o f  the d e g e n e r a tiv e  l e s i o n  show ing d isap p earan ce
o f  rods and cones and t h e ir  n u c l e i ,  l o s s  o f  r e t i n a l  
pigm ent and v ery  s l i g h t  plasm a c e l l  i n f i l t r a t i o n  only® 
Van Gieson® X 110®
Fig® 89: The same typ e  o f  ca se  sh ow in g  a g g r e g a t io n  o f  r e t i n a l
pigm ent a t  punched-out edge o f  th e  d e g e n e r a tiv e  a r e a .  
C h oro id a l pigm ent has moved w e l l  inwards® There i s  
s c l e r o s i s  o f  th e  c h o r o id a l a r te r y  on th e  r ig h t ,  and  
v e r y  l i t t l e  i n f i l t r a t i o n  c o n s id e r in g  the d estru ctio n ®  
Van Gieson® X 1 1 0 .
Fig® 90: H igh  power v iew  i n  m idd le o f  d eg en era te  area  show ing  
few  plasm a c e l l s ,  overgrow th  o f  c h o r o id  w ith  f ib r o u s  
t i s s u e ,  t o t a l  d isap p earan ce o f  c h o r io c a p i l l a r i s  and th e  
a r t e r i e s ,  and p e r s is t e n c e  o f  th e  membrane o f  Bruch® 
Masson® X 2 5 0 .
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Fig# 91s P igm ent m antle i n  a r e t i n a l  a r te r y  i n  a p o s t e r io r  d egen era ­
t iv e  l e s i o n  e x h ib i t in g  p e r ip h e r a l  c o r p u s c u la t io n .
W e ig e r t’ s  e l a s t i n  s ta in #  X 1 1 0 .
Fig# 92s The p o s t e r io r  d e g e n e r a tiv e  l e s i o n  o f  o n c h o c e r c ia s is .
T h is low  power v iew  r e v e a ls  th e  c le a r ly -d e m a r k a te d  edge  
o f  th e  l e s i o n  on each  s id e  o f  th e  d i s c ,  and the  
u n ifo r m ity  o f  the d e s tr u c t io n  w ith in  i t *  M allory#
X 3 0 .
F ig* 93s E a r ly  a trop h y  o f  the o p t ic  n erv e  i n  th e  d e g e n e r a tiv e
l e s i o n .  M a llo r y . X 2 2 0 .
F ig .  91
F ig .  92
F ig . 95
F ig . 94: Old ca se  o f  d e g e n e r a tiv e  l e s i o n  w ith  a tr o p h ic  cu p p in g
o f  the d i s c .  H & E . X 220«
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APPENDIX B
L ine Drawings I  to  I I I
Drawing I .
The developm ent o f  a  s c l e r o s in g  k e r a t i t i s  from  a  l i m b i t i s  
i n  th e  r a b b it  eye*
175
Drawing I I
R e s o lu t io n  o f  the f ib r in o u s  exu d ate  c o v e r in g  the p u p il  i n  
th e  r a b b it  e y e ,  u n t i l  i t  i s  f u l l y  o r g a n ise d  and r e v e a ls  





Dram, ng I I I »
The same a s  Drawing I I ,  o n ly  t h i s  tim e th e r e  was a g r e a te r  
amount o f  e x u d a te , some s p i l l i n g  o v er  in t o  the a n t e r io r  chamber. 
As a r e s u l t  a f t e r  p a r t ia l  r e s o lu t io n  the p u p il  was deform ed  
a d o p tin g  th e  pyriform  appearance c h a r a c t e r i s t i c  o f  th e  l e s i o n  
i n  man.
(T hese draw ings were a l l  done by th e  au th o r  d i r e c t ly  from  
e x p er im en ta l e y e s .)
nr
APPENDIX C
P la t e s  1 and 2
P la t e  I : E a r ly  appearance o f exu d ate  i n  r a b b it  eye a f t e r
i n j e c t i o n  o f  dead m f. i n t o  th e  i r i s .
P la t e  I I : H ea led  q u ie s c e n t  a n t e r io r  u v e i t i s  a f t e r  two i n j e c t io n s  
o f  dead m f. in t o  th e  r a b b it  i r i s  w ith  a p e r s i s t e n t  
in flam m atory  membrane.
(T h is  i s  a photograph o f  th e  ey e  a s e c t io n  o f  w hich  
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